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SUMMARY  SHEET 
SUMMARY 

(    )  Draft  (X)  Final  Environmental  Statement 

Department  of  the  Interior,  Bureau  of  Land  Management  (BLM) 

1.  Type  of  action:  (X)  Administrative  (    )  Legislative 

2.  Brief  description  of  action: 

The  proposed  Federal  action  is  the  consideration  of  a  right-of-way 
permit  for  an  oil  shale  products  pipeline  from  a  plant  site  in  Colorado 
to  Lisbon  Valley,  Utah.    Directly  related  to  this  Federal  action  is  the 
development  of  a  4,000-acre  underground  oil  shale  mine;  mining  of 
61,000  tons  per  day  of  oil  shale  for  20  years;  construction  and  operation 
of  a  47,000-barrel-a-day  shale  oil  plant;   construction  of  two  dams  -  Davis 
Gulch  processed  oil  shale  disposal  catchment  and  Middle  Fork  flood 
control;  disposal  of  processed  oil  shale  on  800  acres;  construction  of  a 
194-mile,  16-inch  shale  oil  pipeline  from  the  plant  site  on  the  Roan  Plateau 
to  Lisbon  Valley,  Utah;  development  of  a  15-mile-long  service  corridor 
in  the  Parachute  Creek  valley;  construction  of  a  75-acre  terminal  site 
in  Grand  Valley;  construction  of  two  230  kv  powerlines  to  the  plant 
site;  a  337-acre  exchange  of  land  between  BLM  and  Colony  Development 
Operation;  and  diversion  of  up  to  7,200  acre-feet  per  year  from  the 
Colorado  River . 

3.  Summary  of  environmental  impacts  and  adverse  environmental  effects: 
See  Attachment. 

4.  Alternatives  considered: 
See  Attachment. 

5.  Comments  have  been  requested  from  the  following: 
See  Attachment. 

6.  Date  draft  statement  made  available  to  the  Council  on  Environmental 
Quality  and  the  public: 

Draft  Statement:    December  12,  1975 
Final  Statement: 


ATTACHMENT  TO  THE  SUMMARY  SHEET 

Summary  of  environmental  impacts  and  adverse  environmental  effects: 

A  .  Decrease  in  ambient  air  quality 

B  .  Decrease  in  water  quality 

C  .  Annual  consumption  of  9,  000  acre-feet  of  water 

D.  Topographic  alterations  on  1,217  acres 

E  .  Disturbance  of  2, 196  acres  of  soil 

F  .  Disturbance  of  2, 196  acres  of  vegetation 

G.  Removal  of  1,889  acres  of  soil  and  vegetation  from  production 

H.  Mining  of  440  million  tons  of  oil  shale  over  a  20-year  period 

I .  Damage  and  destruction  to  wildlife  habitat 

J  .  Reduction  of  aesthetic  quality 

K.  Increased  population  of  4, 100  in  Mesa  and  Garfield  counties 

L.  Possible  disturbance  and  destruction  of  unknown  archeological 

and  paleontological  values 

M.  Changes  in  employment  levels 

N  .  Impacts  on  infrastructural  facilities 

Alternatives  considered: 

A.  BLM's  denial  of  pipeline  right-of-way 

B.  Corps  of  Engineers'  denial  of  river  crossing 

C  .  Bureau  of  Reclamation's  denial  of  water  service  contract 

D.  Colony's  "no  action"  decision 

E  .  Delayed  development  of  proposed  action 

F  .  Other  mining  methods 

G  .  Alternate  plant  sites 

H  .  Alternate  plant  configuration 

I.  Alternate  waste  disposal 

J  .  Alternate  water  sources 

K.  Alternate  transportation  modes 
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ATTACHMENT  TO  THE  SUMMARY  SHEET  (Cont.) 

Alternatives  considered:    (Cont.) 

L  .  Alternate  powerline  corridors 

M.  Denial  of  land  exchange 

N.  Alternate  pipeline  routes 

0.  Planned  Unit  Development  ("New  Town") 

Comments  have  been  requested  from  the  following: 

Environmental  Protection  Agency 

United  States  Department  of  the  Interior 
Fish  and  Wildlife  Service 
Bureau  of  Outdoor  Recreation 
National  Park  Service 
Bureau  of  Land  Management 
Geological  Survey 
Bureau  of  Mines 

Office  of  Land  Use  and  Water  Planning 
Bureau  of  Indian  Affairs 
Bureau  of  Reclamation 
Mining  Enforcement  and  Safety  Administration 

United  States  Corps  of  Engineers 

United  States  Navy 

Federal  Power  Commission 

Federal  Energy  Administration 

United  States  Department  of  Health,  Education,  and  Welfare 
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ATTACHMENT  TO  THE  SUMMARY  SHEET  (Cont.) 

Comments  have  been  requested  from  the  following:    (Cont . ) 

Interstate  Commerce  Commission 

United  States  Department  of  Transportation 

State  of  Colorado  Offices 
Governor's  Clearing  House 
Division  of  Water  Resources 
State  Historical  Society 
State  Division  of  Planning 
State  Air  Pollution  Control  Division 
Colorado  Division  of  Highways 
Colorado  Division  of  Wildlife 
State  Health  Department 

-  Water  Quality  Control  Division 

-  Air  Pollution  Control  Division 
Public  Utilities  Commission 

State  of  Utah  Offices 
Governor's  Clearing  House 
State  Highway  Department 
State  Environmental  Coordination  Committee 
State  Land  Office 
Division  of  Wildlife 
Department  of  Development  Services 
Department  of  Business  Regulation 
State  Historical  Society 
Bureau  of  Environmental  Health 

-  Air  Quality  Division 

-  Water  Quality  Division 
Geological  Survey 
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ATTACHMENT  TO  THE  SUMMARY  SHEET  (Cont.) 

Comments  have  been  requested  from  the  following:    (Cont . ) 

Board  of  County  Commissioners 
Eagle  County  (Colorado) 
Rio  Blanco  County  (Colorado) 
Garfield  County  (Colorado) 
Pitkin  County  (Colorado) 
Mesa  County  (Colorado) 

District  12  Area  Council  on  Governments  (Colorado) 
District  11  Area  Council  on  Governments   (Colorado) 
Grand  County  (Utah) 
San  Juan  County  (Utah) 

City  of  Grand  Junction,  Colorado 

City  of  Moab ,  Utah 

City  of  Grand  Valley,  Colorado 

Colony  Development  Operation 
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CHAPTER  I 
INTRODUCTION 

This  statement  is  an  analysis  of  environmental  impacts  that  may  result  from 
proposed  Federal  actions  in  connection  with  development  of  an  oil  shale  plant, 
mine,  service  corridor,  land  exchange,  products  pipeline,  water  use  con- 
tracts, and  power  line  corridor  by  Colony  Development  Operation. 

This  Environmental  Impact  Statement  (EIS)  was  prepared  in  response  to  an 
application  filed  with  the  Bureau  of  Land  Management  (BLM)  by  La  Sal  Pipe 
Line  Company  for  an  interstate  right-of-way  to  transport  upgraded  shale 
oil  from  Colony's  proposed  plant  on  the  private  Dow  West  property  near 
Grand  Valley,  Colorado,  across  Federal  lands  to  Lisbon  Valley  Station,  Utah. 
La  Sal  Pipe  Line  Company  is  a  wholly  owned  subsidiary  of  Atlantic  Richfield 
Company,  operator  of  Colony  Development  Operation. 

BLM  was  designated  lead  Bureau  for  EIS  preparation,  since  100-plus  miles  of 
the  proposed  pipeline  right-of-way  are  on  national  resource  lands .    BLM 
has  worked  closely  with  all  other  agencies  that  may  have  jurisdictional 
interests  in  the  proposed  Colony  Development  Operation .    This  EIS  covers 
all  government  decisions  and  actions  related  to  the  proposed  action. 

The  specific  Federal  actions,  which  will  be  required  if  the  proposed  project 
is  implemented  and  which  require  the  preparation  of  this  EIS  prior  to 
implementation,  are  listed  below  and  located  in  Figure  1-1. 

-  Bureau  of  Land  Management  (BLM)  -  Granting  a  right-of-way  for  the 
products  pipeline  and  possibly  for  one  or  both  of  the  required  power  lines 
(43  CFR  2880)  .    Revoking  Executive  Order  5327  that  pertains  to  the 
national  resource  lands  selected  for  exchange  (Section  204  of  the  Federal 
Land  Policy  and  Policy  Management  Act  of  Oct.  21,  1976;  43  USC  1714)  . 
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FIGURE  I-l 
LOCATIONS     OF    MAJOR    FEDERAL    ACTIONS 


Accepting  title  to  the  offered  lands  and  granting  title  to  the  selected 
lands  in  the  proposed  land  exchange  (Section  206  of  the  Federal  Land 
Policy  Management  Act  of  October  21,  1976;  USC  43  1716)  . 

U.S.  Navy  (USN)  -  Authorizing  any  surface  right-of-way  crossing 
of  the  Naval  Oil  Reserve  area  (Executive  Orders  dated  June  12,  1919, 
and  September  27,  1924)  . 
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-  U.S.  Corps  of  Engineers  (COE)  -  Approving  the  Colorado  River 
crossing  of  the  products  pipeline  (33  CFR  209)  . 

-  U.S.  Bureau  of  Reclamation  (BR)  -  Approving  a  contract  for  delivery 
of  water  from  the  Green  Mountain  and  Ruedi  Reservoirs    (Section  9  (c) 

(2)  of  the  Reclamation  Project  Act  of  1939,  as  amended)  . 

These  actions  are  described  in  further  detail  in  Chapter  II. 

The  scope  of  this  statement  is  limited  to  the  area  directly  or  indirectly 
impacted  by  the  proposed  Colony  Oil  Shale  Development  Operation.    A 
regional  analysis  and  impacts  from  Federal  oil  shale  developments  in  the 
three-state  area  of  Colorado,  Wyoming,  and  Utah  are  covered  under  the 
Interior  Department's  Final  Environmental  Statement  for  the  Prototype  Oil 
Shale  Leasing  Program,    1973.    This  regional  analysis  has  been  supple- 
mented with  the  information  set  forth  on  pages  11-100  through  11-112  hereof. 

Colony's  published  studies,  An  Environmental  Impact  Analysis  for  a 
Shale  Oil  Complex  at  Parachute  Creek,  Colorado,  were  utilized  for  facts 
and  information  concerning  the  proposed  action  and  potential  environmental 
effects .    Technical  and  environmental  studies  by  Colony  and  other  organiza- 
tions have  proceeded  concurrently  with  the  preparation  of  this  statement. 
Serious  effort  was  made  to  incorporate  into  this  EIS  the  latest  information 
and  best  available  estimates.    As  of  publication,  many  factors,  such  as 
changing  technology,  eventual  oil  production  levels,  and  population 
increases,  are  not  precisely  predictable. 

PRESENT  STATUS: 

The  original  EIS  effort  was  begun  in  June  of  1974  based  on  a  planned  project 
construction  commencing  in  May  of  1975.    In  October  of  1974,  Colony  Development 
Operation  made  a  public  announcement  that  it  was  suspending  plans  to  construct 
the  oil  shale  mine  and  plant  until  some  indefinite  future  date.    The  EIS  has  been 
completed  in  order  to  analyze  the  proposed  land  exchange  and  lay  the  ground- 
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work  for  responding  to  Colony's  application  for  a  pipeline  right-of-way.    The 
right-of-way  will  not  be  granted  to  Colony  until  such  time  as  Colony  has  a 
source  of  oil  to  necessitate  a  need  for  the  pipeline . 

At  the  time  Colony  reactivates  its  plan  for  the  oil  shale  mine  and  plant, 
thereby  establishing  an  oil  source  and  forcing  a  BLM  decision  on  the 
right-of-way  application,  the  BLM  will  analyze  the  new  proposal  to 
determine  the  applicability  of  this  EIS  to  the  required  decisions .    If 
the  analysis  shows  this  EIS  is  deficient  in  any  manner  a  supplemental 
EIS  will  be  prepared  and  distributed. 
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CHAPTER  II 
DESCRIPTION  OF  THE  PROPOSED  ACTION 

Colony  Development  Operation  proposes  to  construct,  on  the  Dow  West 
property  (Figure  II—  1 )  ,  the  following: 

-  An  underground  oil  shale  mine  of  over  4,  000  acres  capable  of  producing 
61,  000  tons  per  day  of  raw  oil  shale  for  a  20-year  period,  and  a  mine 
bench  with  primary  crushing  facilities. 

-  A  shale  oil  plant  consisting  of  retorting  and  upgrading  facilities  which 
are  capable  of  producing  47,000  bbl/day  of  low  sulfur  fuel  oil, 

4,330  bbl/day  of  liquified  petroleum  gas  (LPG)  ,  135  tons/day  of  ammonia, 
173  long  tons/day  of  sulfur,  and  800  short  tons/day  of  coke,  for  a  20-year 
period . 

-  A  disposal  area  of  about  800  acres  in  Davis  Gulch  to  hold  processed 
shale  and  other  non-marketable  materials  from  the  plant  and  mine. 

-  Two  reservoirs,  one  each  in  the  Davis  Gulch  and  Middle  Fork  drainages. 
The  Davis  Gulch  Dam  will  be  a  catchment  dam  located  below  the  processed 
shale  pile.    The  Middle  Fork  Dam  will  be  a  flood  control  and  water  storage 
reservoir  located  upstream  from  the  mine  bench. 

Additional  actions  proposed  by  the  applicant,  but  which  may  not  be  entirely 
on  the  Dow  West  property,  include: 

-  A  194-mile,   16-inch  pipeline  for  transportation  of  low  sulfur  fuel  from 
the  plant  site  to  a  120,000  barrel  floating  roof  storage  tank  to  be 
constructed  at  the  Lisbon  Valley  Station  in  Utah  (Figure  II-2)  . 

-  Development  of  a  15-mile-long  service  corridor  in  Parachute  Creek  valley 
from  the  plant  site  to  associated  facilities  located  north  of  the  town  of 
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FIGURE  II- 1 
COLONY  SHALE  COMPLEX  SETTING      (1) 


FEDERAL    OIL    SHALE 
LEASE     TRACTS 


(gO)        PIPELINE      MILEAGE 


FIGURE  II-2 
AREA  SETTING  OF  PROPOSED  ACTION 
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Grand  Valley,  Colorado.    The  corridor  will  include  three  pipelines 
(water,  ammonia,  LPG)  ,  and  a  paved  two-lane  highway. 

-  Terminal/storage  facilities  to  be  located  at  the  Grand  Valley  end  of  the 
service  corridor,  and  a  railroad  spur  line  to  these  facilities. 

-  Two  230  kv  powerlines  which  may  be  built  by  Public  Service  Company 
to  service  the  plant  and  mine.    The  electric  load  requirements  are 
shown  in  Table  II— 1 .    Two  powerlines  from  separate  generating  sources 
are  required  because  the  shale  oil  refining  process  utilized  by  Colony 
will  require  a  very  high  degree  of  reliability  in  its  electric  service. 

A  sustained  outage  would  have  serious  implications  because  the  processing 
units  contain  high  temperature  and  high  pressure  services  utilizing 
catalysts  and  equipment  which  could  be  damaged  by  repeated  loss  of 
electric  power .    A  one  to  three  day  time  period  will  be  required  to 
restart  these  units.    Because  of  these  facts,  it  is  necessary  to  provide 

TABLE  II- 1 
ANTICIPATED  ELECTRIC  LOADS  OF  COLONY  DEVELOPMENT  OPERATION   (2) 


USE 


LOAD 
MW 


APPROXIMATE 
DATE  REQUIRED 


Construction    (Temporary) 
Plant  Site 
Grand  Valley 

Main  Plant 

Preproduction  Mining 

Water  Pumping  Stations 
Main 
Booster 

Grand  Valley  Facilities 
Administration  Building 
Loading  Facilities 
Plant  Operational 


10 


.5 
100 


Year   1 
Year   1 


Year  2 


Year  3 
Year   3 


Year  4 
Year  4 


at  least  two  230,  000  volt  transmission  lines  to  the  plant,  each  capable 
of  providing  100  percent  of  the  plant's  ultimate  electrical  requirements. 
These  two  lines  must  either  be  on  completely  separate  corridors  or 
at  least  sufficiently  separated  on  the  same  corridor  so  that  any  reasonable 
credible  contingency  would  not  cause  both  to  fail  simultaneously.    Final 
routes  have  not  been  selected  as  yet  (Figure  II-3)  .     The  69  kv  line  which 
presently  terminates  at  Colony's  semiworks  plant  in  Parachute  Canyon 
will  be  extended  to  the  plant  site  on  the  plateau  to  provide  power  during 
the  construction  phase. 

-  An  exchange  with  the  Federal  Government  -  Bureau  of  Land  Management 
and  United  States  Navy  -  of  approximately  337  acres  of  Federal  lands 
consisting  of  isolated  parcels  located  within  or  projecting  into  the  Dow 
West  property,  for  private  lands  adjacent  to  the  Naval  Oil  Shale  Reserve. 

-  Diversion  of  up  to  7,200  acre-feet  per  year  of  water  from  the  Colorado 
River  at  Grand  Valley  which  will  be  piped  to  the  plant  site.    This  diver- 
sion is  contingent  upon  a  proposed  contract  with  the  U.S.  Bureau  of 
Reclamation  for  water  from  Green  Mountain  Reservoir.    This  contract 
would  provide  a  source  of  water  during  low  flow  periods  in  the 
Colorado  River  when  Colony's  private  water  rights  are  insufficient  to 

meet  plant  requirements.    There  is  also  a  possibility  of  water  for  community 
development  from  Ruedi  Reservoir  after  a  water  marketing  policy  has  been 
determined. 

-  Plans  for  reclamation  at  the  end  of  the  projected  20-year  plant  life  are 
indefinite .    Some  possibilities  are:    complete  removal  of  plant  facilities 
and  rehabilitation  of  the  area,  or  "mothballing"  of  the  facilities. 

Implementation  of  the  proceding  proposals  would  require  a  number  of  actions 
by  governmental  agencies.    These  are  discussed  below. 

FEDERAL  ACTIONS 

Prior  to  mine  operation,  the  Mine  Enforcement  and  Safety  Administration 
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FIGURE  II- 3 

PUBLIC  SERVICE  TRANSMISSION  POWER  LINE  RIGHT-OF-WAY 

CORRIDOR  ALTERNATIVES   (2) 
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FEDERAL  ACTIONS 

must  be  notified.    During  construction  of  the  surface  structures  for  mining, 
milling,  pipeline  construction  and  upgrading  facilities,  the  U.S.  Department  of 
Labor,  Occupational  Safety  and  Health  Administration  (OSHA)  ,  is  responsible 
for  enforcement  of  employee  safety  and  health  standards  under  the  Occupational 
Safety  and  Health  Act  of  1970.    Upon  completion  of  construction  of  the  mine 
and  mill  facilities,  to  an  as  yet  undetermined  point  in  the  retort  stage,  opera- 
tional jurisdiction  will  revert  to  MESA.    During  operation,  the  mine  and  part 
of  the  retort  are  the  responsibility  of  MESA  for  safety  administration . 

The  Bureau  of  Reclamation  has  responsibility  for  stored  water  and  its  dis- 
charge from  the  Green  Mountain  and  Ruedi  Reservoirs,  and  for  surplus 
power  wheeling  agreements  for  new  transmission  lines . 

The  U.S.  Navy  has  a  Naval  Oil  Shale  Reserve  south  and  east  from  the  Dow 
West  property;  any  surface  right-of-way  crossing  would  require  their 
concurrence. 

The  proposed  pipeline  will  cross  Federal  land  (within  the  exclusive  jurisdic- 
tion of  BLM)  ,  states  of  Colorado  and  Utah  land,  and  private  land.    Rights-of- 
way  must  be  obtained  from  BLM .    Right-of-way  application  has  been  filed 
pursuant  to  Section  28  of  the  Mineral  Leasing  Act  of  February  25,  1920,  as 
amended. 

A  spill  prevention  control  and  countermeasure  plan  (SPCC  Plan)  must  be 
filed  with  EPA  within  6  months  after  completion  of  storage  facilities.     (Note: 
EPA  has  proposed  the  inclusion  of  NH_  (ammonia)  as  hazardous  material. 
Hazardous  material  storage  will,  in  the  future,  require  a  SPCCP.)    This  is  in 
accordance  with  40  CFR  112. 

The  pipeline  must  be  designed,  constructed,  operated,  and  maintained  in 
accordance  with  regulations  promulgated  by  the  Department  of  Transportation 
(DOT)  ,  Materials  Transportation  Bureau  (MTB)  ,  Office  of  Pipeline  Safety 
Operations  (OPSO)  ,    (49  CRF  195)  .    This  is  an  updating  in  line  with  the 
reorganization  of  pipeline  safety  responsibilities  in  the  Department. 
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Executive  Order  5327,  dated  April  15,  1930,  withdrew  all  lands  owned  by  the 
United  States  containing  deposits  of  oil  shale  from  lease  and  other  disposal, 
and  reserved  them  for  purposes  of  investigation,  examination,  and  classifica- 
tion.   Executive  Order  5327  was  authorized  by  the  Pickett  Act  of  June  25,  1910, 
36  Stat.  847,  43U.S.C.  141,  as  amended  by  the  Act  of  August  24,  1912. 
The  Federal  Land  Policy  and  Management  Act  (FLPMA)  of  October  21,  1976, 
repealed  the  Pickett  Act  of  June  25,  1910,  and  the  President's  implied 
authority  to  make,  revoke,  or  modify  federal  land  withdrawals.    Therefore, 
modification  of  the  Oil  Shale  Reserve  and  implementation  of  the  proposed  land 
exchange  will  be  carried  out  under  the  provisions  of  section  204  and  206  of 
the  FLPMA . 

The  Federal  Government  has  regulatory  responsibility,  under  P.L.  91-452, 
Title  18,  Chapter  40,  for  all  of  the  applicable  regulations  under  the  law, 
including  the  purchase,  transfer,  storage,  and  use  of  explosives.    The 
reporting  of  lost  or  stolen  explosives  must  be  in  accordance  with  Sec.  842, 
Subpart  K,  of  the  same  law. 

Crossing  of  the  Colorado  River  must  be  approved  by  the  U.S.  Corps  of 
Engineers  (33  CFR  209)  . 

A  404  permit  must  be  issued,  as  required  by  the  Federal  Water  Pollution 
Control  Act  Amendment  of  1972,  PL  92-500.    This  applies  when  any  stream  is 
to  be  crossed  by  a  pipeline  or  is  scheduled  to  be  dredged  or  filled  in  any 
way,  including  dam  construction.    The  flow  must  be  at  least  5  cfs  for  340 
days  per  year,  the  stream  could  be  designated  by  the  Corps.    Also  Corp 
clearance  will  be  required  prior  to  construction  of  the  bank  intake  structure. 

STATE  ACTIONS 

The  State  Department  of  Health  issues  permits  for  air  pollution  control  purposes 
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during  construction  and  operation  of  the  upgrading  and  other  facilities.    They 
also  have  regulatory  authority  over  sewage  disposal,  water  discharge,  and  any 
other  potential  or  real  health  hazards.    This  authority  is  based  on  Federal  and 
State  statutes  which  give  the  Department  of  Health  the  responsibility  for  promul- 
gation and  enforcement  of  State  standards,  after  approval  by  the  Environmental 
Protection  Agency  (EPA)  . 

The  State  Engineer  has  authority  over  wells  and  water  use  from  other  sources 
such  as  mine  drainage,  retention  dams,  and  river  diversion  works. 

The  Colorado  Division  of  Labor  (CDL)  ,  Colorado  Occupational  Safety  and 
Health  Administration  (COSHA)  ,  issues  permits  to  acquire,  transport,  and 
store  explosives.    The  MESA  inspects  storage  facilities  under  agreement  with 
the  State  Bureau  of  Mines.    Any  lost  or  stolen  explosives  must  be  reported  to 
the  CDL   (COSHA)  . 

The  Colorado  State  Division  of  Mines  has  authority  over  spent  shale  disposal. 

Highway  crossings  will  require  permits  from  State  Highway  Departments . 
The  Colorado  Water  Pollution  Commission  will  determine  if  a  permit  will  be 
needed  to  construct  the  bank  intake  structure. 

LOCAL  ACTIONS 

In  addition  to  coordination  between  local  and  state  governments  for  area 
development  vested  by  the  new  Colorado  Land  Use  Act  (HB  1041)  ,  county 
and  municipal  governments  in  Colorado  may  pass  and  enforce  zoning  and 
other  local  ordinances  as  part  of  their  delegated  police  powers.    Colorado 
HB  1034  enables  the  counties  to  pass  regulations  deemed  necessary  to  promote 
orderly  growth. 

County  and  municipal  governments,  and  private  landowners,  may  require 
permits  or  rights-of-way  prior  to  construction.    The  contractors  in  Colorado 
and  Utah  must  be  licensed  by  the  State. 
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Garfield  County  will  require  building  permits  for  all  structures,  including 
temporary  buildings,  power  and  telephone  lines  and  cables,  road  realign- 
ment or  upgrading  at  both  the  mine  and  plant  sites . 

The  construction  of  all  proposed  facilities  will  take  approximately  48  months 
to  complete.    The  tentative  construction  schedule  is  shown  in  Figure  II-4. 
The  plant  and  mine  complex  will  be  arranged  as  shown  in  Figure  II-5. 

The  remaining  portion  of  this  section  deals  with  the  details  of  the  proposed 
actions.    The  specifications,  interior  workings,  and  planned  mitigating 
measures  are  explained  fully.    A  flow  chart  of  the  total  process  is  shown 
in  Figure  II-6. 

MINING  (1) 

The  method  of  extraction  selected  by  Colony  for  initial  recovery  of  the  oil  shale 
reserve  in  place  under  the  Dow  West  property  is  conventional  underground 
room-and-pillar  mining  (Figure  II-7)  .    The  mine  will  produce  approximately 
61,000  tons  per  day  of  oil  shale.    This  production  will  equal  the  demand  of 
the  processing  plant,  assuming  that  the  plant  would  operate  at  approximately 
90  percent  capacity  on  a  yearly  basis.    With  this  method,  nearly  60  percent 
of  the  in-place  shale  can  be  extracted,  with  the  remainder  being  left  in  place 
as  pillars  to  support  the  overlying  rock.    A  60-foot  thick  section  of  oil  shale,  in 
the  upper  part  of  the  Mahogany  zone,  having  an  average  grade  of  about  35  gallons 
of  shale  oil  per  ton,  will  be  extracted.    This  proposed  mining  section  contains 
the  highest  grade  of  oil  shale  within  the  Mahogany  zone  on  the  Dow  West  property. 
The  mine  would  ultimately  traverse  essentially  all  of  the  Dow  West  property, 
except  those  areas  under  the  plant  complex,  and  the  Middle  Fork  and  Davis  Gulch 
dams.    The  underground  workings  would  eventually  occupy  4, 100  acres. 
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PROPOSED  ACTION 


I  RETORTING 
STORAGE  5 
ACCESS   ROAD 


2  3  4    5 

AND  UPGRADING  UNITS 


10 


7  8 

2    PYROLYSIS 
COARSE    ORE  CONVEYOR  FROM   TUNNEL  TO 
7  MIDDLE  FORK  OF  PARACHUTE  CREEK 
FROM   MINE  BENCH        9   MINE  BENCH  AND    PRIMARY  CRUSHING       10   MIDDLE    FORK    DAM       II    ACCESS 
ROAD  TO  PROCESSED  SHALE    DISPOSAL       12    PROCESSED   SHALE   DISPOSAL  IN  DAVIS  GULCH    SIDE  GULLY 
13    PROCESSED  SHALE  CONVEYOR       14  DAVIS  GULCH  DAM 


9 

3    SECONDARY    CRUSHER        4    COARSE    ORE 
FINAL  CRUSHING  6    PLANT    MINE    BENCH 

8    COARSE  ORE  CONVEYOR  THROUGH  TUNNEL 


15     DAVIS    GULCH 

FIGURE  II-5 


SHALE  OIL  COMPLEX  -  COMPOSITE  AERIAL  VIEW      (D 
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MINING 


FINE   ORE  SILO 


FUEL   PRODUCTS 

LOW   SULFUR   FUEL  OIL   (PIPELINE    TO  LISBON,  UTAH) 
LPG    SPECIAL      (  PIPELINE    TO  GRAND   VALLEY) 


BY  -  PRODUCTS 

COKE    (TO  WASTE   PILE) 

AMMONIA    (PIPELINE    TO  3RAND  VALLEV  ' 

SULFUR    (TRUCK  TO   GRAND  VALLEY) 


FIGURE  II-6 
OIL  SHALE  PROCESSING     (D 
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*fejy 


FIGURE  II-7 
ROOM-AND-PILLAR  MINING  CONCEPT        d] 
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MINING 


Mine  access  will  be  from  a  portal  bench  constructed  in  the  canyon  of  the  Middle 
Fork  of  Parachute  Creek  at  the  level  of  the  Mahogany  zone  outcrop  as  illustrated 
in  Figure  II-8.    The  bench  will  be  approximately  250  feet  x  750  feet  of  flat  ground 
(4.5  acres)  ,  plus  an  additional  1.5  acres  of  sloping  fill.    Limited  parking, 
mine  office,  changehouse,  mine  water  and  fuel  supply,  haulage  equipment 
service  stations,  mine  electrical  substation,  and  the  primary  crusher  dump 
point  will  be  located  on  the  portal  bench  surface.    The  primary  crusher  will 
be  placed  on  the  canyon  floor  below  the  portal  bench  and  surrounded  by 
portal  bench  fill  material. 

Entry  into  the  mine  from  the  bench  will  be  through  seven  30  foot  x  30  foot 
adits,  three  on  the  east  and  four  on  the  west  side  of  the  canyon .    These 
openings  will  be  widened  to  50  feet  inside  the  mine.    The  adits  provide 
entrance  for  men  and  machinery  to  the  working  area,  routes  for  removal 
of  mined  shale,  and  ventilation  air  inlet  or  exhaust.    Approximately  six 
ventilation  openings,  50  feet  high  and  30  feet  wide,  will  be  located  at  various 
sites  along  the  cliff  face  on  the  Colony  property. 

Mining  will  proceed  by  the  conventional  mining  cycle  of  drilling,  charging, 
blasting,  wetting  of  rock  piles,  loading,  hauling,  scaling,  and  roof  bolting. 
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h 


6 
9 


i  STORAGE  TANKS  2  PRIMARY  CRUSHER  3  MINE  ADITS  (7)  4  CHANGE  HOUSE  5  PARKING 
6  PLANT  MINE  ACCESS  ROAD  7  SEWAGE  TREATMENT  PLANT  8  CULVERT  9  MIDDLE  FORK  OF 
PARACHUTE    CREEK 

FIGURE  II-8 

MINE  BENCH  -  MIDDLE  FORK  CANYON      (D 
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MINING 

All  portions  of  the  cycle  will  be  going  on  concurrently  in  various  areas  of  the 
mine,  except  that  blasting  will  occur  during  shift  changes  when  personnel 
will  not  be  in  the  immediate  area. 

A  ventilation  system  is  required  to  supply  an  adequate  quantity  of  outside  air 
and  for  air  circulation  throughout  underground  work  areas.    In  addition,  the 
ventilation  system  will  clear  the  mine  of  blast  fumes,  dust,  and  diesel  exhaust 
fumes  generated  by  mobile  mine  equipment  which  are  not  removed  by  catalytic 
scrubbers  mounted  on  the  equipment.    Air  circulation  will  be  controlled  by 
the  use  of  air  curtains,  brattices,  overpasses,  and  auxiliary  fans  in  the  mine. 
Air  flow  will  be  generated  by  large  fans  located  at  the  ventilation  openings . 

Nitrogen  oxide  emissions  from  the  diesel  engines  are  estimated  to  be  250  lbs/hr 


In  addition  to  the  NO     emissions  mentioned  above,  blasting,  loading,  and 

.X. 

hauling  activities  will  generate  substantial  quantities  of  dust.    Approximately 

20  to  30  lbs/hr  of  dust  will  enter  the  mine  atmosphere  and  be  drawn  into  the 

3 
ventilation  system.    The  dust  concentrations  will  not  exceed  4,000jugm/m 

except  after  blasting.    For  three  1-hour  periods  each  day,  during  blasting, 

an  estimated  200-300  lbs/hr  of  particulates  will  enter  the  mine  atmosphere. 


Scrubbers  on  the  ventilation  system  will  not  be  used.    Total  emission  rates 
from  the  mine  ventilation  system  are  as  follows: 


Contaminant 

Emission 

Rates    (Kgm/hr) 

Particulates 

11.4* 

Hydrocarbons 

22.7 

NO 

X 

113.4 

CO 

199.6 

*Except  during  blasting  activity. 
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Additional  underground  services  will  include  electric  power  distribution,  for 
fans,  lighting,  and  other  uses,  raw  and  potable  water  distribution,  a  commun- 
ication system,  and  equipment  maintenance  facility. 

CRUSHING  AND  CONVEYING  (1) 

Crushing  operations  will  be  conducted  24  hours  a  day,  365  days  a  year, 
barring  unscheduled  interruptions  and  scheduled  turnarounds.    The  crushing 
operation  will  reduce  run-of-mine  shale  in  two  stages  to  a  retort  feed  size  of 
minus  one-half  inch.    All  crushing  and  conveying  equipment  will  be  driven 
electrically  and  consume  about  150  million  kwh  annually.    Primary  crushing 
will  be  done  at  the  mine  portal  bench  as  illustrated  in  Figure  II-8.    Figure 
II-9  is  a  schematic  diagram  of  the  primary  crusher  and  incline  conveyor. 
Final  crushing  will  be  performed  on  the  plateau  near  the  retorting  and 
upgrading  facility.    A  totally  enclosed  conveyor  system  will  be  used  to 
transport  crushed  shale  between  crusher,  storage  areas,  and  the  retort. 
These  facilities  are  illustrated  in  Figures  11-10  and  11-11. 

The  crushing  operation  is  designed  to  maintain  a  continuous  feed  to  the  retort. 
This  objective  will  be  accomplished  in  part  by  maintaining  a  storage  pile  of 
coarse  ore  and  a  storage  bin  of  fine  ore.    No  storage  facility  for  run-of-mine 
ore  will  be  needed .    The  mine  haulage  operation  is  entirely  dependent  on  the 
operation  of  the  primary  crusher.    Should  a  breakdown  occur  in  the  primary 
crusher  or  the  conveyor  to  the  coarse  ore  storage,  haulage  from  the  mine  will 
be  interrupted.    To  avoid  shutdown  of  the  retorting  and  upgrading  facilities, 
sufficient  storage  of  coarse  ore  will  be  maintained  to  allow  uninterrupted 
operation  of  the  downstream  processing  facilities  for  about  one  month.    If 
the  final  crusher  breaks  down,  the  amount  of  stored  fine  ore  will  be  enough 
to  operate  the  retort  for  approximately  5  hours.    Particulate  emissions  from 
the  primary  crusher  will  be  3.3  Kgm/hr  as  shown  in  Table  II-2.    It  is  estimated 
that  the  additional  volume  of  fugitive  dust  which  could  be  generated  at  the  primary 
crusher  is  9.0  Kgm/hr. 
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SHED 
STRUCTURE. 


GRADE    AND 
FLOOR    LINE 


;!AN     FEEDER 


ENCLOSED    CONVEYOR 


FIGURE  II-9 
PRIMARY  CRUSHER  WITH  DUST  CONTROL      (1] 
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STACK  EMISSIONS 
PM  -  l4.9K«m/hr 


EXHAUST 
^FILTERED    AIR 
(.TO  ATMOSPHERE 


.SCREW    CONVEYOR 


FIGURE  11-10 
FINAL  CRUSHER  WITH  DUST  CONTROL      (1) 


RECTANGULAR   TRUSS 
POINT    A  CONVEYOR     GALLERY 


■J°_PTBOL 


FROM   CRUSHING 
SCREENING  BLDG 


RIGID    FRAME 
ROOF  STRUCTURE 


Tmxrm 


FIGURE  11-11 
FINE  ORE  STORAGE  WITH  DUST  CONTROL      (1) 
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CRUSHING  &  CONVEYING 


TABLE  II-2 
PRIMARY  CRUSHER,  DUST  COLLECTION  SYSTEM   (1) 


Stack  Exit  Diameter 
Total  Stack  Gases 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
Solid  Particulates 


5  feet 

62, 100  acf/min 

29 

Ambient 

Ambient 

3.3  Kgm/hr 


Coarse  ore  from  the  primary  crusher  will  be  discharged  to  an  inclined  con- 
veyor system  for  transport  to  the  coarse  ore  storage  site  or  the  final  crushing 
plant.    Solid  particulate  emissions  from  three  transfer  points  along  the  en- 
closed conveyor  will  be  5.0  Kgm/hr  as  shown  in  Table  II-3. 

TABLE  II- 3 
CONVEYOR  TRANSFER  POINTS,  DUST  COLLECTION  SYSTEMS  (1) 


Portal 

Transfer  Tower 

Transfer 

Feed  Bin  Dust 

Reclaim  Tunnel 

Point 

Control  System 

Transfer  Point 

Stack  Exit  Diameter 

1 . 6  feet 

4  feet 

4  feet 

Total  Stack  Gases 

53,100  acf/min 

43,800  acf/min 

48,000  acf/min 

Molecular  Weight 

29 

29 

29 

Exit  Temperature 

Ambient 

Ambient 

Ambient 

Moisture  Content 

Ambient 

Ambient 

Ambient 

Solid  Particulates 

.23  Kgm/hr 

2.3  Kgm/hr 

2.5  Kgm/hr 

The  capacity  of  the  primary  crusher  and  the  conveyor  to  the  coarse  ore  stock- 
pile will  be  4,500  tons  per  hour.    Figures  II- 9  and  11-12  illustrate  the  coarse 
ore  conveyor  and  stacker.    The  final  crusher  and  coarse  ore  storage  site  will 
be  located  on  the  plateau  approximately  900  feet  in  elevation  above  the  mine 
portal  bench.    A  portion  of  the  ascent  from  the  mine  bench  to  the  plateau  will 
be  made  through  an  inclined  tunnel.    Because  of  the  cyclic  nature  of  the  mining 
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PROPOSED  ACTION 
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FIGURE  11-12 
TRAVELING  STACKER     (1) 


and  primary  crushing  operations,  the  coarse  ore  storage  will  provide  surge 
capability  to  maintain  a  uniform  feed  rate  to  the  final  crusher  in  addition  to 
providing  an  emergency  supply  in  case  of  interruption  in  the  supply  of  coarse 
ore  from  the  mine  and  primary  crusher.    Normally,  the  coarse  ore  from  the 
primary  crusher  will  be  fed  directly  to  the  final  crusher  at  a  rate  of  2,  700- 
3,000  tons  per  hour.    During  periods  when  the  coarse  ore  production  exceeds 
the  feed  requirements  of  the  final  crusher,  the  excess  will  be  diverted  to 
coarse  ore  storage.    A  coarse  ore  reclaim  system  will  be  provided  to  maintain 
a  uniform  feed  rate  to  the  final  crusher. 

Ten  crushers  in  the  final  crushing  facility  will  produce  minus  one-half  inch 
shale  on  a  continuous  basis  at  a  rate  of  2,  700-3,  000  tons  per  hour  for  feeding 
the  retort.    Total  particulate  emissions  from  the  final  crusher  will  be  14.9 
Kgm/hr  and  are  further  shown  in  Table  II-4.    Separate  conveyor  systems 
will  transport  the  fine  ore  from  the  crushers  to  fine  ore  storage  and  from  fine 
ore  storage  to  the  retort. 
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CRUSHING  &  CONVEYING 


TABLE  II-4 
FINAL  CRUSHER  DUST  COLLECTION  SYSTEM  STACKS   (1) 


EMISSIONS  PER  STACK 


TOTAL  EMISSIONS 
(4  Stacks) 


Stack  Exit  Diameter 
Total  Stack  Gases 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
Solid  Particulates 


5  feet 

72,000acf/min 

29 

Ambient 

Ambient 

3.7  Kgm/hr 


5  feet  per  stack 

288,000acf/min 

29 

Ambient 

Ambient 

14.9  Kgm/hr 


The  coarse  ore  stockpile  will  normally  contain  about  1,500,  000  tons  covering 
about  15  acres  to  a  height  of  about  200  feet.    During  predevelopment  of  the 
mine,  the  coarse  ore  pile  may  contain  up  to  5,000,000  tons  covering  25  acres. 
The  fine  ore  storage  will  be  a  live  stockpile  normally  containing  about  15,  000 
tons  which  will  be  contained  in  3  silos  located  at  the  plant  site.    Particulate 
emissions  for  the  fine  ore  storage  will  be  1 .9  Kgm/hr  and  are  shown  in  Table 
II-5. 


TABLE  II-5 
FINE  ORE  STORAGE  DUST  COLLECTION  SYSTEM   (1) 


Stack  Exit  Diameter 
Total  Stack  Gases 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
Solid  Particulates 


4  feet 

36,000  acf/min 

29 

Ambient 

Ambient 

1.9  Kgm/hr 
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PROPOSED  ACTION 


RETORTING  AND  UPGRADING  (1) 

The  retorting  and  upgrading  operations  convert  the  crushed  raw  shale  into 
usable  products  and  disposable  wastes.    The  products  include  low  sulfur 
oil  (less  than  0.001  percent  sulfur  by  weight)    (3)  ,  LPG,  sulfur,  ammonia,  and 
coke.    Fuels  produced  by  the  plant  for  internal  consumption  include  treated 
fuel  gas,  a  C.  liquid  stream  containing  butanes  and  butenes,  fuel  oil,  and 
diesel  oil.    The  primary  waste  is  processed  shale. 

An  artist's  rendering  of  the  retorting  and  upgrading  facilities  on  the  plateau 
site  is  shown  in  Figure  11-13.    Figure  11-14  shows  the  tentative  plot  plan  for 
the  process  plant  area,  with  stack  locations.    The  processing  facilities  on  the 
plateau  will  occupy  approximately  160  acres. 
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ROAD       9    FINAL  CRUSHING  UNIT       10    COARSE    ORE    CONVEYOR 

FIGURE  11-13 
RETORTING  AND  UPGRADING  UNITS  -  PLATEAU  SITE      (1) 
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PROPOSED  ACTION 

A  block  diagram  showing  the  flow  of  material  through  the  retorting  and 
upgrading  section  is  shown  in  Figure  11-15.    These  separate  processing 
units,  which  involve  many  recycle  and  side  stream  operations,  process 
the  crushed  raw  shale  into  oil,  by-products,  and  wastes.    Schematic 
drawings  and  brief  descriptions  of  the  processing  units  follow. 

PYROLYSIS  AND  OIL  RECOVERY  UNIT 

This  unit  converts  the  kerogen  content  of  raw  shale  into  hydrocarbon  vapors 
and  liquids.    The  hydrocarbons  are  separated  by  fractionation  and  sent  to 
various  upgrading  units.    The  processed  shale  is  transported  from  this  unit 
to  a  disposal  area . 

The  pyrolysis  unit  will  consist  of  6  individual  "TOSCO  II"  retorting  trains 
each  capable  of  processing  11,  000  tons  per  day  of  raw  shale.    Figure  11-16 
presents  a  schematic  drawing  of  the  pyrolysis  and  oil  recovery  unit.    Table 
II-6  shows  the  total  emission  rates  from  the  pyrolysis  unit. 

The  raw  shale  which  has  been  crushed  to  particles  less  than  one-half  inch 
is  conveyed  from  the  fine  crushed  ore  storage  to  the  retort  section  and  dis- 
charged into  bins  that  feed  the  six  trains.    The  raw  shale  is  then  fed  to  each 
of  the  retorting  trains  where  it  is  preheated  by  direct  heat  exchange  with 
hot  flue  gas  from  the  ball  heater.    The  flue  gas  is  cooled  during  this  heat 
exchange  process.  SO„  in  the  ball  heater  flue  gas  is  reduced  substantially 
by  contact  with  shale  particles  in  the  pre-heat  system.    The  preheated  raw  shale 
is  separated  from  the  flue  gas  in  settling  chambers  and  cyclones  and  sent  to  a 
rotating  drum  retort.    Hot  flue  gas  is  incinerated  within  the  preheat  system  to 
reduce  trace  hydrocarbons  to  less  than  90  ppm  in  the  discharge  flue  gas.    The 
cooled  flue  gas  is  passed  through  a  high  energy  venturi  wet  scrubber  to  remove 
shale  dust  before  being  vented  to  the  atmosphere  at  a  temperature  of  approximately 
125  to  130°F .    Pyrolysis  is  accomplished  in  the  retort  by  solid-to-solid  heat 
exchange  between  the  preheated  shale  and  the  hot  ceramic  balls .    The  balls  are 
heated  in  a  vertical  ball  heater  and  then  fed  to  the  retort  to  mix  with  the  preheated 
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FIGURE  11-16 
PYROLYSIS  AND  OIL  RECOVERY  UNIT  -  TOSCO  II  PROCESS     (1) 


shale.    The  mixture  of  balls  and  shale  flows  through  the  retort  where  the 
finely  crushed  shale  is  pyrolyzed  at  a  temperature  of  about  900  F  which 
results  in  the  conversion  of  kerogen  to  the  hydrocarbon  vapors.    These 
vapors  are  recovered  in  an  oil  recovery  system,  leaving  a  residual  mixture 
of  balls  and  processed  shale.    This  mixture  leaves  the  retort  and  passes 
to  a  rotating  screen  which  separates  the  balls  from  the  processed  shale. 

Warm  flue  gas  from  the  stack  of  the  steam  superheater  will  be  used  to  remove 
residual  dust  from  the  ball  circulation  system .    The  dust  will  be  removed 
from  the  flue  gas  with  a  high  energy  venturi  wet  scrubber.    The  balls  are 
then  circulated  back  to  the  ball  heater  by  means  of  a  bucket  elevator . 
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PROPOSED  ACTION 


TABLE  II-6 
TOTAL  EMISSION  RATES  FROM  THE  PYROLYSIS  UNIT   (1) 


PREHEAT  SYSTEM 

ELUTRIATOR  SYSTEM 

SHALE  WETTER 

Number  of  Stacks 

6 

6 

6 

Stack  Height 

310  feet 

310  feet 

310  feet 

Stack  Exit  Diameter 

9.3  feet 

4.5  feet 

4.5  feet 

Total  Stack  Gases 

1,272,000  acf/min 

265,800  acf/min 

266,400  acf/min 

Molecular  Weight 

27.2 

26 

20.2 

Exit  Temperature 

127°F 

146°F 

184°F 

Moisture  Content 

Saturated 

Saturated 

Steam 

SO„  Content 

23.1   Kgm/hr* 
26.1  Kgm/hr 

43.0  Kgm/hr* 
47.7  Kgm/hr 

0* 
0 

NO     Content 

X 

596.8  Kgm/hr 

670.9  Kgm/hr 

51.4  Kgm/hr 
57.2  Kgm/hr 

0 
0 

Solid  Particulates 

110.4  Kgm/hr 
122.7  Kgm/hr 

98.1  Kgm/hr 
109.1  Kgm/hr 

110.4  Kgm/hr 
122.7  Kgm/hr 

Hydrocarbons 

122.7  Kgm/hr 
136.3  Kgm/hr 

0.13  Kgm/hr 
0.13  Kgm/hr 

0 
0 

Carbon  Monoxide 

19.8  Kgm/hr 
22.2  Kgm/hr 

1.3  Kgm/hr 

1.4  Kgm/hr 

0 
0 

Firing  Duty 

1830.6  million  Btu/hr 

94.3  million  Btu/hr 

— 

*Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values. 

NOTE:    For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21. 


The  processed  shale  is  cooled  in  a  rotating  drum  steam  generator.    The  cooled 
processed  shale  is  moisturized  to  approximately  14  percent  moisture  content 
in  a  rotating  drum  moisturizer.    Water,  at  the  rate  of  1,500  gallons  per  minute, 
for  the  moisturizing  process,  will  be  brought  from  various  units  within  the 
system,  as  shown  on  the  water  systems  flow  diagram.    The  foul  water  stripper 
will  remove  all  NH~,  H?S,  and  C02  gases  from  the  water  to  be  used.    However, 
there  are  other  chemicals  that  still  remain  in  the  water  and  are  shown  in  Table 
II-7.    Steam  and  processed  shale  dust  produced  in  the  moisturizing  process  are 
passed  through  a  venturi  wet  scrubber  to  remove  the  dust  before  discharging 
to  the  atmosphere.    The  moisturized  processed  shale  is  transported  by  a 
covered  conveyor  to  the  Davis  Gulch  processed  shale  disposal  site. 
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RETORTING  &  UPGRADING 


TABLE  II- 7 

CHEMICAL  COMPONENTS  OF  PROCESS  WATER 

(ROUGH  APPROXIMATION)    (1)    (4) 


COMPONENT 


LB/HR 


PPMW  IN  WATER 
ADDED  TO  SPENT  SHALE 


Ca 


+2 


Mg 


+2 


Na 


+  1 


NH 
Zn 


+1 


4 
+2 


As 


+5 


Cr 


CO 


+6 


-2 


-1 


190 
70 

450 
10 


HC03 

70 

so4"2 

575 

S2°3"2 

60 

po4"3 

4 

cr1 

385 

cn"1 

4 

Phenols 

126 

Amines 

171 

Organic 

Acids 

426 

Neutral 

Oils 

354 

Chelate 

2 

Totals    (Rounded) 

3,150 

280 

100 

670 

15 


0.01  to  0. 

2 

(15 

to 

300  ppb) 

2 

2 

240 

360 

70 

100 

575 

850 

60 
4 

90 
5 

570 

5 

187 

253 

631 

525 

3 

4,650 

In  addition  to  above,  elements  present  in  trace  quantities  (less  than  1  ppm) 
are  Pb,  Ce,  Ag,  Mo,  Zr,  Sr,  Rb,  Br,  Se,  Cu,  Ni,  Co,  Fe,  Mn,  V,  Ti,  K, 
P,   Al,   F,    B,  Li. 
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PROPOSED  ACTION 

In  the  oil  recovery  unit,  hydrocarbon  vapors  are  separated  by  fractionation 
into  gas,  raw  naphtha,  gas  oil,  and  bottoms  oil.    The  gas  and  raw  naphtha  streams 
are  sent  to  the  gas  recovery  and  treating  unit  for  gas  treating  and  naphtha  stabili- 
zation.    The  gas  oil  is  sent  to  the  gas  oil  hydrogentation  unit.    The  bottoms  oil 
is  sent  to  the  delayed  coker  unit.    Moisture  in  the  gas  stream  is  condensed 
and  sent  to  the  foul  water  stripper  which  removes  the  absorbed  ammonia  and 
hydrogen  sulfide.    The  stripped  water  is  used  in  the  pyrolysis  unit  for  mois- 
turizing processed  shale.    Process  heaters  in  the  pyrolysis  unit  will  be 
designed  to  burn  treated  fuel  gas,  liquid  C   's,  or  fuel  oil  which  will  be  pro- 
duced in  the  retorting  and  upgrading  sections  of  the  plant. 

GAS  RECOVERY  AND  TREATING  UNIT 

In  the  gas  recovery  and  treating  unit  (Figure  11-17)  ,  gas  and  raw  naphtha 
produced  in  oil  recovery,  coker,  naphtha  hydrotreater,  and  gas  oil  hydro- 
treater  are  separated  into  fuel  gas,  LPG,  butanes,  and  a  stabilized  raw  naphtha. 
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FIGURE  11-17 
GAS  RECOVERY  AND  TREATING  UNIT     (1) 
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Fuel  gas  is  used  as  plant  fuel  and  hydrogen  plant  feed.    LPG  is  a  blend  of 
propane  and  propylene  and  will  be  sold  as  a  product.    The  butane  stream  is 
a  mixture  of  butane  and  butylene  and  will  be  used  as  plant  fuel.    Process 
operations  in  this  unit  include  oil  absorption,  diethanolamine  (DEA)  contact, 
and  amine  regeneration.    There  are  no  discharges  into  the  environment  from 
this  unit.    All  inputs  going  into  the  gas  recovery  and  treating  unit  will  exit 
to  other  units  or  to  storage  areas,  such  as  LPG. 

HYDROGEN  UNIT 

Hydrogen  will  be  used  in  the  hydrogenation  units  to  saturate  olefins  and  to 
remove  nitrogen  and  sulfur  from  the  naphtha  and  gas  oil  streams. 

Hydrogen  is  produced  from  fuel  gas  and  steam  in  a  conventional  steam- 
reforming  process  as  shown  in  the  schematic  flow  diagram  in  Figure  11-18. 
The  basic  steps  for  the  steam-reforming  process  are  desulfurization, 
reforming,  carbon  monoxide  (CO)  conversion,  carbon  dioxide  (C02)  removal, 
and  methanation .    The  desulfurization  of  the  fuel  gas  will  be  a  three-step 
process  which  removes  essentially  all  traces  of  sulfur  to  protect  downstream 
catalysts  from  sulfur  poisoning.    First,  the  fuel  gas  will  pass  through  a 
hydrodesulfurization  (HDS)  catalyst  to  convert  the  bulk  of  the  sulfur  com- 
pound to  hydrogen  sulfide  (H?S)  and  saturate  olefins.    This  catalyst  will 
probably  be  cobalt  molybdate.    Second,  most  of  the  H„S  and  unconverted 
sulfur  compounds  will  be  removed  in  an  absorber  which  circulates  a  solvent 
selective  for  the  particular  sulfur  compounds  present.    The  rich  solvent  is 
then  regenerated.    Third,  any  residual  traces  of  sulfur  will  be  removed  by 
chemical  reaction  with  a  zinc  oxide  (ZnO)  catalyst  in  a  guard  bed. 

The  desulfurized  fuel  gas  will  be  mixed  with  superheated  steam  and  reformed 
in  tubes  filled  with  a  nickel-based  catalyst  at  approximately  1,400  to  1,600°F. 
The  reformed  gas  from  these  furnaces  will  contain  hydrogen,  carbon  monoxide, 
carbon  dioxide,  and  excess  steam.    The  first  converter  will  be  operated  at  high 
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FIGURE  11-18 
HYDROGEN  UNIT,  STEAM  REFORMING  PROCESS     d) 


temperatures  and  will  contain  a  mixture  of  iron  and  chromium  oxide  shift 
catalyst.    The  second  converter  will  be  operated  at  lower  temperatures  and 
will  contain  a  mixture  of  copper  and  zinc  oxide  shift  catalyst  to  achieve  mini- 
mum residual  CO  content.    The  reforming  furnaces  will  burn  15,517  lbs/hr/ 
furnace  of  treated  fuel  gas,  and  have  emissions  into  the  environment  as  shown 
in  Table  II-8. 

The  carbon  dioxide-rich  gas  will  be  cooled  and  scrubbed  with  a  lean  solution 
to  remove  most  of  the  carbon  dioxide.    The  rich  solution  is  circulated  to  a 
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TABLE  II-8 
TOTAL  EMISSIONS  FROM  THE  HYDROGEN  UNIT   (1) 


REFORMING  FURNACE 


CARBON  DIOXIDE  REMOVAL  STACKS 


Number  of  Stacks 
Stack  Height 
Stack  Diameter 
Total  Stack  Gases 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
S02  Content 


NO     Content 
x 


Solid  Particulates 

Carbon  Monoxide 

Carbon  Dioxide 
Hydrocarbons 

Firing  Duty 


4 

80  feet 

5.75  feet 

296,420  acf/min 

28 

440°F 

Combustion  Products 

12.38  Kgm/hr* 
13.68  Kgm/hr 

37.3  Kgm/hr 
41.0  Kgm/hr 

5.2  Kgm/hr 

5.8  Kgm/hr 

4.5  Kgm/hr 

4.9  Kgm/hr 

Combustion  Products 

0.72  Kgm/hr 
0.82  Kgm/hr 

548  million  Btu/hr 


1 

210  feet 

3  feet 

104,000  acf/min 

24.4 

184°F 

293,300  Kgm/hr  steam 

0* 


0 
0 

0 
0 

0 
0 

238,300  Kgm/hr 

0 
0 


*Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values, 

NOTE:    For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21. 


regenerator  where  the  C02  is  removed  by  heating .    The  C02  is  released  to 
the  atmosphere  at  the  rate  of  6,300  tons/day.    Any  remaining  carbon  dioxide 
and  carbon  monoxide  will  be  removed  by  heating  the  gas  and  passing  it 
through  a  nickel-based  methanation  catalyst  where  the  carbon  oxides  are 
reacted  with  hydrogen  to  form  methane.    The  hydrogen  product  is  sent  to 
the  naphtha  and  gas  oil  hydrogenation  units. 

The  hydrogen  unit  requires  various  catalysts  (primarily  cobalt  molybdate) 
which  periodically  need  replacement.    Spent  catalysts  will  be  either  disposed 
of  in  the  shale  pile  or  sent  to  an  off-site  catalyst  manufacturer  for  reclamation 
of  metals.    Any  leachate  which  may  be  produced  from  the  spent  shale  pile  (which 
would  contain  spent  hydrogen  catalysts)  will  be  collected  in  the  Davis  Gulch  Dam 
and  used  in  the  plant. 
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PROPOSED  ACTION 
GAS  OIL  HYDROGENATION  UNIT 

The  gas  oil  hydrogenation  unit  (Figure  11-19)  treats  a  mixture  of  gas  oil  from 
the  pyrolysis  and  delayed  coker  units  with  hydrogen  in  the  presence  of  a 
catalyst  to  produce  a  low-nitrogen,  low-sulfur  gas  oil.     Sulfur 'is  removed  to 
comply  with  air  quality  standards  and  nitrogen  is  eliminated  because  it  is  a 
very  potent  poison  to  refining  catalysts .    The  treated  gas  oil  product  will  be 
blended  with  treated  naphtha  product  from  the  naphtha  hyrogenation  unit  to 
form  low  sulfur  oil  which  will  be  pipelined  from  the  complex.    This  unit  also 
produces  diesel  fuel  which  is  used  for  mobile  equipment  in  the  mine  and 
processed  shale  disposal  areas. 

Gas  oil  from  the  pyrolysis  and  delayed  coker  units  is  blended  with  a  mixture 
of  recycled  hydrogen  and  hydrogen  from  the  hydrogen  unit.    This  feed  is 
preheated  to  reaction  temperature  by  effluent  exchange  and  in  a  fired  furnace, 
Emissions  from  the  furnaces  are  shown  in  Table  II-9. 
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FIGURE  11-19 
GAS  OIL  HYDROGENATION  UNIT    (1) 
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RETORTING  &  UPGRADING 


TABLE  II-9 

TOTAL  EMISSIONS  FROM  THE 

GAS  OIL  HYDROGENATION  UNIT   (1] 


REACTOR  FEED  HEATER 


FIRED  REBOILER 


150  feet 

5.75  feet 

57,000  acf/min 

28.1 

700°F 

lets  Combustion  Products 

1.72  Kgm/hr* 
1.81  Kgm/hr 

5.1  Kgm/hr 
5.5  Kgm/hr 

0.09  Kgm/hr 
0.09  Kgm/hr 

0.7  Kgm/hr 
0.8  Kgm/hr 

0.6  Kgm/hr 
0.6  Kgm/hr 

75  million  Btu/hr 

*Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values. 

NOTE:    For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21. 

Arsenic  is  removed  at  the  rate  of  531  lbs/day  from  the  feed  to  the  reactors 
utilizing  a  proprietary  catalyst  and  is  combined  with  an  inert  compound 
to  form  solid  waste  material .    The  solid  waste  containing  approximately 
20%  by  weight  of  arsenic,  of  which  29  ppm  (about  28  lbs/yr)  is  soluble, 
will  be  transported  to  the  spent  shale  disposal  area  and  mixed  with  the 
processed  shale  as  discussed  in  greater  detail  on  page  11-59.    The  gas  oil 
and  hydrogen  mixture  is  then  reacted  at  high  temperature  and  pressure 
in  the  presence  of  a  hydrodenitrogeneration  (HDN)  catalyst.    This  reaction 
substantially  reduces  the  nitrogen  content  of  the  gas  oil  and  removes  almost 
all  of  the  sulfur.    Unsaturated  hydrocarbons  in  the  gas  oil  are  also  saturated 
in  this  process. 


Number  of  Stacks 

2 

Stack  Height 

75  feet 

Stack  Diameter 

2.5  feet 

Total  Stack  Gases 

20,400  acf/min 

Molecular  Weight 

28.1 

Exit  Temperature 

900°F 

Moisture  Content 

Combustion  Pr 

S02  Content 

0.41  Kgm/hr* 
0.45  Kgm/hr 

NO     Content 

X 

1.2  Kgm/hr 
1.4  Kgm/hr 

Hydrocarbons 

0.04  Kgm/hr 
0.04  Kgm/hr 

Solid  Particulates 

0.2  Kgm/hr 
0.2  Kgm/hr 

Carbon  Monoxide 

0.2  Kgm/hr 
0.2  Kgm/hr 

Firing  Duty 

18  million  Btu/ 

11-36 


PROPOSED  ACTION 

Wash  water,  from  the  ammonia  separation  unit  (NH~  stripper)  ,  is  added 
at  the  rate  of  240  gal/min  to  the  reactor  effluent  to  absorb  hydrogen  sulfide 
and  ammonia .    Sour  water  from  the  washing  operation  is  sent  to  the  ammonia 
separation  unit  for  recovery  of  ammonia  as  a  by-product.    The  hydrogen 
sulfide  is  separated  from  the  ammonia  and  sent  to  the  sulfur  recovery  unit. 
Stripped  water  from  the  ammonia  separation  unit  is  recycled  to  the  naphtha 
and  gas  oil  hydrogenation  units. 

Overhead  gases  are  flashed  from  the  washed  reactor  effluent  and  the  gas  is 
sent  to  the  gas  recovery  and  treating  unit.    The  washed  gas  oil  is  then 
fractionated  to  separate  overhead  gas,  raw  naphtha,  and  diesel  fuel  from  the 
treated  gas  oil  product.    The  overhead  gas  and  raw  naphtha  are  sent  to  the 
gas  recovery  and  treating  unit  for  gas  treatment  and  naphtha  stabilization. 
The  diesel  fuel  is  used  in  the  mine  and  processed  shale  disposal  operations 
(16,000  gal/day)  .    The  treated  gas  oil  product  is  blended  with  treated  naphtha 
product  to  form  the  low  sulfur  oil  (less  than  0.  001  percent  by  weight)    (4)  . 

The  two  gas  oil  hydrogenation  feed  furnaces  and  the  fractionator  reboiler 
furnace  will  burn  treated  fuel  gas  or  fuel  oil. 

The  hydrogenation  reactor  catalyst  beds  require  regeneration  once  every  two 
years  to  remove  accumulated  carbon  deposits.    The  plant  facilities  will  be  shut 
down  during  the  regeneration  operation.    During  regeneration,  carbon  and 
other  contaminants  are  burned  off  the  catalyst  in  the  presence  of  air  and  a 
diluent  gas.    Catalyst  regeneration  will  produce  the  following  in  the  flue  gas: 
H?0,  C09,  N?,  SO?,  and  trace  amounts  of  particulates  and  oxides  of  nitrogen. 
The  flue  gas  will  be  scrubbed  out  to  remove  S02  and  particulates  before  exhaust- 
ing to  the  atmosphere.    NO     emissions  will  be  minimized  and  are  expected  to  be 
quite  small,  although  Colony  does  not  have  a  quantitative  estimate  of  NO 
yield.    Because  the  plant  will  be  shut  down  during  catalyst  regeneration,  the 
total  plant  NO     emissions  will  be  lower  than  normal  levels . 

NAPHTHA  HYDROGENATION  UNIT 

The  naphtha  hydrogenation  unit  (Figure  11-20)  treats  a  stabilized  raw  naphtha 
blend  from  the  gas  recovery  and  treating  unit  with  hydrogen  in  the  presence  of  a 
catalyst  to  produce  a  low-sulfur,  low-nitrogen  naphtha.    The  treated  naphtha 
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RETORTING  &  UPGRADING 
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FIGURE  11-20 


NAPHTHA  HYDROGENATION  UNIT     (1) 


product  will  be  blended  with  treated  gas  oil  product  from  the  oil  hydrogenation 
unit  to  form  low-sulfur  oil  which  will  be  pipelined  from  the  complex.  This  unit 
is  quite  similar  to  the  gas  oil  hydrogenation  unit;  however,  the  lighter  naphtha 
requires  less  severe  hydrogenation  conditions  than  is  needed  for  gas  oil. 

Raw  naphtha  from  the  pyrolysis,  delayed  coker,  and  gas  oil  hydrogenation 
units  will  be  initially  stabilized  in  the  gas  recovery  and  treating  unit.    This 
blend  of  stabilized  raw  naphthas  will  be  fed  to  the  naphtha  hydrogenation  unit. 
The  naphtha  is  first  blended  with  a  mixture  of  recycled  hydrogen  and  hydrogen 
from  the  hydrogen  unit  and  preheated  to  reaction  temperatures  in  a  furnace. 
This  furnace  will  burn,  at  the  rate  of  8.4  million  Btu/hr  treated  gas  or  fuel 
oil.    For  an  emission  breakdown,  see  Table  11-10.    Arsenic  is  removed  at  the 
rate  of  50  lbs/day  (about  3  lbs/yr  is  soluble)  from  the  feed  to  the  reactors  in 
a  manner  similar  to  that  used  in  the  gas  oil  hydrogenation  unit  and  is  then 
disposed  of  in  the  spent  shale  pile.    The  mixture  is  then  reacted  at  elevated 
temperatures  and  pressures  in  the  presence  of  a  HDN  catalyst.    While  the 
reaction  temperatures  and  pressures  are  not  as  severe  as  the  gas  oil    hydro- 
genation unit,  esstenially  all  nitrogen  and  sulfur  are  removed  from  the  naphtha 
and  all  olefins  are  saturated . 
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PROPOSED  ACTION 


TABLE  11-10 
TOTAL  EMISSIONS  FROM  THE  NAPHTHA  HYDROGENATION  UNIT   (1) 

REACTOR  FEED  HEATER   STACK 

Number  of  Stacks  1 

Stack  Height 

Stack  Exit  Diameter 

Total  Stack  Gases 

Molecular  Weight 

Exit  Temperature 

Moisture  Content 

SO?  Content 

NO     Content 
x 

Hydrocarbons 

Solid  Particulates 

Carbon  Monoxide 

Firing  Duty  8.4  million  Btu/hr 

*Average  cubic  feet/minute 

**Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values 
NOTE:     For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21 . 


75  feet 

2.5  feet 

7,200  acf/min  * 

28.1 

800°F 

Combustion  Pre 

0.18  Kgm/hr** 
0.23  Kgm/hr 

0.6  Kgm/hr 
0.6  Kgm/hr 

.046  Kgm/hr 
.046  Kgm/hr 

.09  Kgm/hr 
.09  Kgm/hr 

.09  Kgm/hr 
.09  Kgm/hr 

Wash  water,  at  the  rate  of  240  gal/min  ,    is  added  to  the  reactor  effluent  to 
absorb  hydrogen  sulfide  and  ammonia.    Sour  water  from  the  washing  operation 
is  sent  to  the  ammonia  separation  unit  for  recovery  of  ammonia  as  a  by-product, 
while  the  hydrogen  sulfide  is  separated  from  the  ammonia  and  sent  to  the  sulfur 
recovery  unit.    Stripped  water  from  the  ammonia  separation  unit  is  recycled  to 
the  naphtha  and  gas  oil  hydrogenation  units. 
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RETORTING  &  UPGRADING 

The  hydrocarbon  effluent  from  the  separator  flows  to  an  absorber  where  a 
lean  oil   (treated  gas  oil  product)  absorbs  the  heavier  hydrocarbons  from 
the  overhead  gases.    The  overhead  gas  is  then  sent  to  the  gas  recovery  and 
treating  unit  for  acid  gas  removal,  and  the  treated  naphtha  product  from  the 
absorber  is  blended  with  treated  gas  oil  product  to  form  the  low  sulfur  oil. 

The  regeneration  of  the  hydrogenation  reactor  catalyst  beds  follows  the  same 
process  as  that  previously  described  for  gas-oil  hydrogenation. 

AMMONIA   SEPARATION  UNIT 

The  ammonia  separation  unit  (Figure  11-21)  processes  sour  water  from  the 
naphtha  and  gas  oil  hydrotreaters.    Liquid  anhydrous  ammonia  is  produced 
as  a  marketable  by-product.    Gaseous  hydrogen  sulfide  is  removed  and  sent 
to  the  sulfur  recovery  unit  and  the  stripped  water  is  recycled  to  the  hydro- 
treaters . 
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PROPOSED  ACTION 

The  sour  water  from  the  hydrotreaters  will  be  degassed  to  remove  light 
hydrocarbons  which  are  then  sent  to  the  gas  recovery  and  treating  unit. 
The  hydrogen  sulfide  is  removed  from  the  sour  water  in  the  PLS  stripper 
and  sent  to  the  sulfur  recovery  unit  for  conversion  to  by-product  sulfur. 
The  ammonia,  containing  some  residual  FLS,  is  removed  from  the  sour  water 
in  the  ammonia  stripper  and  purified  to  remove  more  H~S,  compressed,  and 
cooled  to  form  liquid  ammonia.    The  H«S  from  this  process  is  sent  back  to 
the  H2S  stripper.    The  liquid  ammonia  is  sent  to  a  storage  vessel  designed 
to  hold  the  chilled  liquid  ammonia  under  pressure  without  vapor  leaks. 
Stripped  water  from  the  bottom  of  the  ammonia  stripper  is  recycled  to  the 
hydrotreaters.    A  small  purge  stream  (25  gpm)  of  stripped  water  is  sent 
to  the  pyrolysis  unit  for  moisturizing  processed  shale.    A  small  portion  of 
water  is  produced  in  the  hydrogenation  reaction.    There  will  be  no  direct 
air  contaminant  emissions  from  this  unit  because  of  the  absence  of  fuel 
burning  or  solids  handling  equipment. 

SULFUR  RECOVERY  UNIT 

The  sulfur  recovery  unit  removes  and  recovers  sulfur  from  the  hydrogen 
sulfide-rich  acid  gas  streams  which  emanate  from  the  ammonia  separation 
unit,  the  foul  water  stripper,  and  the  gas  recovery  and  treating  unit.    The 
function  of  the  sulfur  recovery  unit  (Figure  11-22)  is  to  prevent  the  direct 
release  of  sulfur  compounds  to  the  atmosphere  or  the  release  of  S02  by  open 
flaring  of  acid  gases.    The  unit  converts  H„S,  SO?,  and  organic  sulfur 
components  into  a  marketable  liquid  sulfur  by-product. 

The  sulfur  recovery  unit  consists  of  two  Claus  type  combustion  trains  which 
are  operated  in  parallel.    A  single  train  is  illustrated  in  Figure  11-22.    Each 
train  contains  a  reaction  furnace  and  three  catalytic  conversion  stages.    Acid 
gas  is  converted  to  elemental  sulfur  in  the  reaction  furnace  and  in  the  three 
catalytic  conversion  stages.    The  reaction  involves  partial  combustion  of  the 
acid  gas  to  form  S02-    The  SO?  reacts  with  the  remaining  H2S  to  form  elemental 
sulfur  and  pure  water  vapor.    The  hot  reaction  gases  from  the  furnace  are 
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partially  cooled  in  a  steam  generating  section  of  the  furnace.    These  gases 
are  further  cooled  in  an  external  condenser.    The  gases  are  then  subjected 
to  stages  of  reheat,  catalytic  conversion,  and  condensation.    Sulfur  is  pro- 
duced from  each  condenser.    The  Claus  unit  utilizes  an  activated  alumina 
catalyst . 

The  alumina  catalyst  used  in  the  Claus  units  must  be  replaced  about  once 
every  two  years.    The  75  tons/year  of  spent  catalyst  will  be  spread  and 
mixed  with  processed  shale  for  disposal  on  the  shale  pile  in  Davis  Gulch. 
The  alumina  catalyst  is  chemically  inert,  mechanically  strong,  and  even  in 
its  deactivated  state  will  not  change  the  structural  stability  or  permeability 
of  the  processed  shale  embankment. 

Exhaust  gases  from  the  Claus  trains  will  be  further  treated  in  a  tail  gas  unit 
(Figure  11-23)  using  the  Wellman-Lord   (Licensor:     Davy  Powergas,  Inc.) 
SO„  Recovery  Process  to  reduce  the  remaining  concentrations  of  sulfur  com- 
pound to  less  than  250  ppmv  sulfur,  measured  as  SO„.    The  Claus  sulfur  recovery 
unit  will  have  no  air  emissions.    Total  emissions  for  the  Wellman-Lord  sulfur 
gas  unit  are  shown  in  Table  11-11 . 
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WELLMAN-LORD  SULFUR  TAIL  GAS  UNIT         (1) 


TABLE  11-11 
TOTAL  EMISSIONS  FOR  THE  WELLMAN-LORD  SULFUR  GAS  UNIT   (1) 

TAIL  GAS  STACK 


Number  of  Stacks 
Stack  Height 
Stack  Exit  Diameter 
Total  Stack  Gases 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
S02  Content 


1 

210  feet 

8  feet 

90,000  acf/minute 

31.1 

300°F 

Saturated  @  125°F 

42.91  Kgm/hr* 
47.66  Kgm/hr 


*Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values 

NOTE:     For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21. 


RETORTING  &  UPGRADING 

In  the  Wellman-Lord  process  the  tail  gas  from  the  two  Claus  trains  is  incin- 
erated at  1,500  F,  converting  all  sulfur  compounds  to  SO„.    After  passing 
through  a  waste  heat  boiler  the  hot  gas  is  cooled  with  recirculating  water . 
The  cool  gas  is  passed  through  an  absorber  where  it  is  mixed  with  a  recir- 
culating sodium  sulfite  solution  which  removes  SO„.    The  clean  gas  is 
discharged  to  the  atmosphere,  discharging  42.9  Kgm/hr  of  SO?.    The  rich 
sulfite  solution  is  regenerated  in  an  evaporator-crystallizer .    SO-  and  water 
vapor  pass  overhead  from  the  evaporator  to  a  condenser.    A  knockout  drum 
separates  condensed  water  for  return  to  the  absorbent  dissolving  tank  and 
leaves  a  concentrated,  saturated  SO?  to  be  piped  back  to  the  Claus  plant 
feed.    The  solvent  slurry  is  then  redissolved  and  reused  as  lean  solvent  in 
the  absorber.    Waste  streams  from  the  process  include  acidic  cooling  water, 
which  is  neutralized  with  caustic,  and  overflows  to  the  oily  water  sewer.    A 
small  stream  of  sulfite  solution  is  continuously  purged  to  the  pyrolysis  scrubber 
makeup  tank  for  eventual  disposal  with  the  moisturized  processed  shale. 


DELAYED  COKER  UNIT 

The  delayed  coker  unit  (Figure  11-24)  is  an  upgrading  unit  which  converts 
the  heavy  bottoms  oil  from  the  pyrolysis  and  oil  recovery  unit  into  lighter 
products  and  by-product  coke  by  thermal  cracking.    Table  11-12  shows  the 
delayed  coking  process. 

The  lighter  products  are  fractionated  into  gas,  raw  naphtha,  and  gas  oil.    Foul 
water  is  also  removed  in  the  fractionator .    The  major  product  of  this  unit  is 
gas  oil  which  is  sent  to  the  gas  oil  hydrogenation  unit  for  further  upgrading. 
Approximately  35  percent  of  the  bottoms  oil  is  converted  to  coke.    This  coke, 
at  the  rate  of  800  tons/day,  will  most  likely  be  stockpiled  and  sold  as  a  by- 
product.   A  less  likely  alternative  is  the  disposal  of  the  coke  by  periodically 
digging  scattered  trenches  in  the  processed  shale  and  filling  them  with  coke 
and  spent  catalysts;  this  would  preclude  the  possibility  of  future  recovery 
and  sale  of  the  coke . 

Bottoms  oil  is  charged  to  the  lower  portion  of  the  coker  fractionator .    Here 
the  bottoms  oil  is  mixed  with  hot  vapors  from  the  coking  drum.    Light 
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PROPOSED  ACTION 


COKER 
FRACTIONATOR 


HEATER 


(START] 


-0- 


GAS    TO  GAS  RECOVERY   UNIT 


jS 


RAW  NAPHTHA  TO  GAS  RECOVERY  UNIT 


*Z 


FOUL   WATER  TO  FOUL  WATER   STRIPPER  UNIT 


GAS   OIL  TO  GAS  OIL 


HYDROGENATION     UNIT 


HOT       VAPORS 


BOTTOMS  OIL  FROM 
PYROLYSIS  AND  OIL 
RECOVERY    UNIT 


w 


EMISSIONS 

SO     -  1.3  Kgm/hr 

NOx  -  3.8  Kgm/hr 

PM    -  0.5   Kgm/hr 

HC     -0.09  Kgm/hr 

CO    -0.5     Kgm/hr 

i 

i 

COKE 
DRUMS 


AAA 


V 


COKE  TO  STORAGE  FOR  SALES 


FURNACE 

FIGURE  11-24 
DELAYED  COKING  PROCESS 


(1) 


hydrocarbons  are  flashed  from  the  heavy  oil.    The  oil  passes  from  the  frac- 
tionator  bottom  to  a  furnace  where  it  is  heated  to  cracking  temperatures  and 
fed  to  one  of  two  coke  drums  where  coke  is  formed .    The  furnace  is  fired 
with  treated  fuel  gas  or  fuel  oil. 

The  vapors  from  the  coking  drum  return  to  the  fractionator.    Here  gas,  raw 
naphtha,  gas  oil,  and  foul  water  are  separated  and  sent  to  various  other 
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RETORTING  &  UPGRADING 


TABLE  11-12 
DELAYED  COKING  PROCESS   (1) 


HEATER  STACK 


Number  of  Stacks 
Stack  Height 
Stack  Diameter 
Total  Stack  Gases 
Molecular  Weight 
Exit  Temperature 
Moisture  Content 
S02  Content 


NO     Content 
x 


Hydrocarbons 
Solid  Particulates 
Carbon  Monoxide 


1 

175  feet 

7.5  feet 

42,000  acf/min 

28 

350°F 

Combustion  Products 

1.3  Kgm/hr* 

1.4  Kgm/hr 

3.8  Kgm/hr 
4.2  Kgm/hr 

.09  Kgm/hr 
.09  Kgm/hr 

.5  Kgm/hr 
.5  Kgm/hr 

.5  Kgm/hr 
.  5  Kgm/hr 


*Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values 

NOTE:    For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21. 


upgrading  units.    The  overhead  gas  and  raw  naphtha  go  to  the  gas  recovery 
and  treating  unit  for  gas  treatment  and  raw  naphtha  stabilization.    The  gas  oil 
is  sent  to  the  gas  oil  hydrogenation  unit  and  the  foul  water  is  sent  to  the  foul 
water  stripper .    The  heavier  hydrocarbons  are  recycled  to  the  coking  operation 

When  coke  builds  up  to  a  predetermined  level  in  one  of  the  coke  drums,  flow 
is  diverted  to  the  other  drum  so  that  furnace  operation  is  continuous.    When 
coke  has  formed,  it  is  steam-stripped  to  remove  light  hydrocarbons,  and 
then  cooled  by  injecting  water.    High-pressure  water  jets  are  used  to  cut 
the  coke  from  the  drums. 
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PROPOSED  ACTION 


FOUL  WATER   STRIPPER  UNIT 


The  foul  water  stripper  unit  (Figure  11-25)  removes  H„S  and  minor  amounts 
of  ammonia  (NH~)  from  foul  water  streams  which  leave  the  pyrolysis  and  oil 
recovery  unit,  the  gas  recovery  and  treating  unit,  and  the  delayed  coker 
unit.    The  H~S  and  NH„  are  sent  to  the  sulfur  recovery  unit  where  FLS  is 


OVERHEAD 
CONDENSER 


OVERHEAD 
RECEIVER 


DISTILLATION 
COLUMN 


REBOILER 


STEAM 


NH3,H2S,  H20,C02 
TO  SULFUR  UNIT 


SKIMMED  OIL 
TO  PYROLYSIS  AND 
OIL  RECOVERY 
UNIT  FRACTIONATOR 


FOUL  WATER  FROM  . 
AND  OIL  RECOVERY  UNIT,  DELAYED 
COKER    UNIT,  AND  THE  GAS  RECOVERY 
AND  TREATING    UNIT. 


STRIPPED   WATER 

TO  PYROLYSIS  AND    OIL 

RECOVERY  UNIT 


FIGURE  11-25 
FOUL  WATER  STRIPPER 


(1) 
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RETORTING  &  UPGRADING 

converted  to  elemental  sulfur  and  ammonia  is  converted  to  nitrogen.    The 
stripped  water  is  returned  to  the  pyrolysis  unit  for  moisturizing  processed 
shale.    The  foul  water  stripper  is  a  conventional  distillation  column  with  a 
steam-heated  reboiler.    There  are  no  exits  to  the  environment  from  the  foul 
water  stripper.    All  exits  to  other  systems  are  shown  in  Figure  11-25. 

Materials  contained  in  the  major  solid  wastes  are  summarized  in  Table  11-13. 
The  approximate  composition  of  spent  HDN  catalysts  are  listed  in  Table  11-14. 
There  will  be  no  air  contaminant  emissions  from  the  foul  water  stripper, 
because  of  the  absence  of  fuel  burning  and  solid  handling  equipment. 

UTILITY  BOILERS 

Two  utility  boilers  will  be  used  at  the  plant  site  for  the  generation  of  steam . 
These  boilers  will  burn  fuel  gas  and  have  emissions  as  shown  in  Table  11-15. 

PLANT  START-UP  AND  OPERATION   (1) 

Mining  and  primary  crushing  of  oil  shale  will  be  conducted  for  about  one  year 
prior  to  the  initial  start-up  of  the  retorting  and  upgrading  operations  to 
develop  a  preproduction  stockpile  of  coarse  ore  on  the  plateau.    During  this 
period,  the  room-and-pillar  mining  technique  will  be  further  developed  and 
refined.    Other  mining  methods  will  be  given  further  evaluation.    This  period 
will  be  used  to  eliminate  unexpected  problems  involving  the  operation  of  the 
primary  crusher.    Fine  crushing  and  retorting  operations  will  be  commenced 
simultaneously . 

Figure  11-26  illustrates  retorting  and  upgrading  start-up  sequence.    Initial 
start-up  of  operations  will  require  a  shakedown  period  of  several  months. 
It  is  anticipated  that  the  pyrolysis  unit  will  require  the  greatest  attention, 
since  it  will  be  the  first  large-scale  commercial  retorting  facility  in  the 
United  States. 
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TABLE  11-13 
MAJOR  SOLID  WASTES   (1) 


Source  of  Solid   Waste 


Approximate 
Quantity 


Annual 
Production 


Major 
Constituent 


Pyrolysis  Unit 

Processed  Shale 

Clarifier  Sludge  from 
Wet  Scrubbers-Preheat 
System 

Ball  Circulation  System 

Processed  Shale 

Moisturizing  System 

Total 


53,200  T/D  * 

860  T/D  * 

65  T/D  * 

43  T/D  * 
54,168  T/D 


19,418,000  T  Processed  Shale 

313,900  T  Raw  Shale  Dust 

23,725  T  Processed  Shale  Dust 

15,695  T  Processed  Shale  Dust 


Crushing  Unit 
Primary  Crusher 
Final  Crusher 
Shale  Storage  Silo 


Total 


25  T/D 
325  T/D 

75  T/D 
425  T/D 


9,125  T        Raw  Shale  Dust 

118,625  T         Raw  Shale  Dust 

27,375  T        Raw  Shale  Dust 


Upgrading  Units  (Hydrotreaters) 

Naphtha  75  T/yr 

Naphtha  60-   80  T/yr 

Gas  Oil  230  T/yr 

Gas  Oil  300-500  T/Yr 


75  T 

60-  80  T 

230  T 

300-500  T 


Spend  HDN  Catalyst 
Proprietary  Solid 
Spent  HDN  Catalyst 
Proprietary  Solid 


Hydrogen  Unit 
Hydrodesulfurizer 

Guard   Bed 

Shift  Converter 
(High  Temp.) 

Shift  Converter 
(Low  Temp  . ) 


55  T/3  yrs 
20  T/3  yrs 

50  T/5  yrs 

50  T/3  yrs 


18.3  T  Spent  HDS  Catalyst 

6.7  T  Spent  ZnS  Catalyst 

10  T  Spent  Fe-Cr  Catalyst 

16.7  T  Spent  Cu-Zn  Catalyst 


Sulfur  Unit 
Claus  Unit 


160  T/2  yrs 


80  T        Spent  Alumina  Catalyst 


Gas  Treating  Unit 
DEA  Filter 
DEA  Filter 


8.25  T/2  weeks 
8.25  T/2  weeks 


214.5  T    Diatomaceous  Earth 
214.5  T    Deactivated  Carbon 


Coker  Unit 


Water  Treatment 


•■  r   Excluded 


800  T/D 

1,200  lbs/day 
50  lbs/day 


292,000  T        Green  Coke 

219  T        Lime  &  Alum  Flocculants 
9  T        Proprietary  Coagulant  Aid 
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Inert  alumina 

filler 

7 

HDN  catalyst* 

68  -   78 

Carbon 

7-10 

Sulfur 

8-10 

Arsenic 

0  -     5 

PLANT  START-UP 
TABLE  11-14 

APPROXIMATE  COMPOSITION  OF  SPENT  HDN  CATALYSTS   (1) 

Weight  Percent 

Constituents  Naphtha  Hydrotreater        Gas  Oil  Hydrotreater 


7 

61   -   75 

10  -   15 

8-10 

0  -     7 

*  The  catalyst  composition  is  considered  proprietary  information  by  the 
manufacturer . 


TABLE  11-15 
TOTAL  EMISSIONS  FROM  AUXILIARY  BOILERS  AT  PLANT  SITE   (1) 

BOILER  STACKS 

Number  of  Stacks  2 

Stack  Height  55  feet 

Stack  Diameter  7  feet 

Total  Stack  Gases  57,000  acf/min 

Molecular  Weight  28 

Exit  Temperature  400°F 

Moisture  Content  Combustion  Products 

SO?  Content  3.24  Kgm/hr* 

Z  3.60  Kgm/hr 

NO     Content  9.8  Kgm/hr 

x  10.9  Kgm/hr 

Hydrocarbons  0.18  Kgm/hr 

0.23  Kgm/hr 

Solid  Particulates  1.3  Kgm/hr 

1 .4  Kgm/hr 

Carbon  Monoxide  1.15  Kgm/hr 

1.30  Kgm/hr 

Normal  Firing  Duty  144  million  Btu/hr 

*Emission  rates  on  first  line  are  normal,  rates  on  second  line  are  peak  values 

NOTE:    For  a  breakdown  of  total  emissions  from  all  systems  see  Tables  11-16 
through  11-21. 
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PLANT  START-UP 

The  start-up  sequence  will  begin  with  one  of  the  six  pyrolysis  trains.    The 
first  pyrolysis  train  will  be  brought  on  stream  at  somewhat  reduced  capacity 
until  the  unit  is  operating  smoothly. 

During  plant  start-up,  turnaround  and  upset  conditions,  flaring  will  be  done 
at  the  plant  site.    The  purpose  of  the  flare  system  is  to  provide  an  emergency 
outlet  for  non-storable  light  gases  during  an  upset  (a  breakdown  of  a  system) 
situation.    The  design  and  capacity  of  the  flare  is  based  upon  a  hypothetical 
"worst  situation"  even  though  the  probability  of  the  occurrence  of  such  a  situa- 
tion is  extremely  remote.    Because  upset  and  emergency  conditions  are  not 
planned  and  may  involve  an  infinite  combination  of  factors   (each  of  which  could 
substantially  affect  the  combination  of  gases  which  are  sent  to  the  flare)  ,  it  is 
not  possible  to  predict  precisely  the  products  of  the  combustion  of  such  gases. 
The  flare  tip  will  be  designed  to  combust  completely  hydrocarbons  sent  to 
flare  to  C02  and  water.    This  result  is  accomplished  by  mixing  the  hydrocarbon 
stream  with  air  in  the  presence  of  the  amount  of  steam  necessary  to  induce  com- 
plete vaporization.    Sulfur  compounds  present  in  the  flare  gas  would  be  oxidized 
to  sulfur  dioxide.    Ammonia  and  nitrogen  compounds  would  primarily  produce 
nitrogen  and  water  with  small  equilibrium  amounts  of  nitrogen  oxides. 

It  is  anticipated  that  during  start-up  and  during  the  first  year  of  operation, 
frequent  flaring  may  be  required  . 

During  the  start-up  sequence  (2  to  6  months)  ,  the  fractionator  overhead  gases 
will  be  flared  by  burning;   however,  flaring  will  not  be  continuous  during  this 
period.    These  gases  contain  3.1  pounds  of  sulfur  per  ton  of  raw  shale.    At 
full  capacity,  a  single  pyrolysis  train  will  be  capable  of  processing  11,000 
tons  of  shale  per  day.    Therefore,  at  full  capacity,  a  single  pyrolysis  unit 
will  produce  approximately  18  tons  of  sulfur  per  day.    Burning  of  the  sulfur 
gases  will  convert  H2S   (hydrogen  sulfide)  to  S02   (sulfur  dioxide)  at  the  rate 
of  approximately  34  tons   (1.4  tons/hr  SO-)  per  day.    When  the  gas  recovery 
and  treating  unit  are  brought  on  stream,  direct  flaring  of  untreated  gas  will 
no  longer  be  required. 
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PROPOSED  ACTION 

It  takes  a  rate  of  17  -  34  tons  of  sulfur  production  per  day  before  the  sulfur 
recovery  unit  will  operate  at  full  efficiency.    One  pyrolysis  train  will  be 
operating  at  full  capacity  and  a  second  train  will  have  to  be  operating,  either 
at  full  capacity  or  reduced  capacity,  but  at  enough  capacity  to  bring  the  sulfur 
recovery  unit  into  operation .    Probably  one  or  two  trains  will  operate  at 
partial  capacity  during  much  of  the  time  required  to  bring  the  sulfur  recovery 
unit  on  line. 

During  normal  plant  operation  emission  rates  will  vary  with  operating  levels 
of  individual  units  and  pieces  of  equipment.    Normal  emission  rates  shown  in 
Tables  II-6,  II-8,  II-9,  11-10,  11-11,  11-12,  and  11-15,  represent  estimated 
means  for  all  anticipated  operating  modes .    Peak  emission  rates  given  in  these 
tables  are  maximum  rates  which  may  be  encountered  when  all  processing  units 
are  operating  at  full  capacity.    Projections  of  total  normal  and  maximum 
emissions  from  all  systems  during  operation  of  the  shale  oil  plant  are  given 
in  Tables  11-16  through  11-21 .    The  tabulated  maximum  yearly  emission 
rates  in  Tables  11-16  through  11-20  were  calculated  from  maximum  hourly 
emission  rates  (those  resulting  from  full  scale  operations)  and,  as  a 
result,  are  somewhat  higher  than  could  actually  be  expected. 

The  plant  complex  will  normally  be  self-sufficient  in  gas  and  liquid  fuels 
after  it  is  on  stream.    During  the  initial  plant  start-up,  purchased  fuel  oil 
will  be  burned.    Three  distinct  fuels  will  be  utilized  in  the  complex:    treated 
fuel  gas,  treated  C  .  liquid  mixture  of  butanes  and  butenes,  and  distillate 
fuel  oil.    All  of  the  fuel  gas  and  C.  liquid  produced  in  the  plant  complex 
will  be  consumed.    The  fuel  oil  will  probably  be  gas  oil,  although  the  plant 
will  be  designed  with  the  capability  to  burn  naphtha  or  a  blend  of  gas  oil 
and  naphtha.    The  heating  values  of  these  fuels  are: 


Fuel  Gas  Fuel  Oil  C^  Liquid 


Approximate  Heating 

Value  Btu/lb  20,300  18,500-20,500  19,500 
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PLANT  START-UP 


TABLE  II- 16 

EXPECTLD  S0o  EMISSIONS 

FOR  THE  PROPOSED  COLONY  SHALL  OIL  PLANT  (1) 


70TAL  S02  EMISSION  RATES 
FOR  ALL  STACKS 


SOURCES  LOCATED  AT 
PLANT  SITE 


NO.  OF 
STACKS 


gm/.sec  - 


Kgm/hr  -1 


SOURCES  LOCATED  AT 
GRAND  VALLEY 


Mgm/yr 


3/ 


Preheat  Systems 

6 

6.42 
7.26 

23.1 
26.1 

202 
229 

Elutriator  Systems 

6 

1 1 .  94 
13  26 

43.0 
47.7 

376 
418 

Coker  Heater 

1 

0.33 
0.39 

1.3 
1.4 

11 
12 

Gas-Oil  Reactor  Feed  Heater 

9 

0.11 
0.13 

0.41 
0.45 

3 
4 

Gas-Oil  Reboiler  Furnace 

] 

0.479 
0.504 

1.72 
1.81 

15 
16 

Napntha  Reactor  Feed  Heater 

1 

0.050 
0.063 

0.18 
0.23 

1.6 
2.0 

Hydrogen  Reforming  Furnace 

4 

3.4 
3.8 

12.38 
13.68 

107 
120 

Boilers    (Auxiliary) 

2 

0.90 
1  .00 

3.24 
3.60 

28 
31 

Sulfur  Plant  Tail  Gas  Unit 

2 

11.92 
13.24 

42.91 
47.66 

376 
417 

Shale  Wetter 

6 

0.00 

0.00 

0 

Fine  Ore  Storage 

i 

0.00 

0.00 

0 

Fine  Ore  Crusher 

4 

0.00 

0.00 

0 

Total  for  Plant  Site 

36 

35.57 
39.64 

128.2 
142.6 

1,119 
1.249 

Utility  Boilers 


.06 


2.0 


Total  for  Both  Sites 


38 


35.63 
39.70 


128.4 
142.8 


1,121 
1,251 


NOTE:      All  sources  identified  above  are  without  emission  control  devices  except 
the  sulfur  plants. 

EMISSION  RATES  WITHOUT  THE  SULFUR  PLANT 
AND  AMMONIA    SEPARATION  UNIT 


Gas  Recovery  and  Treating  Unit 


SO  2 

1,516.67 

5,460 

47,835 

Ammonia  Separation  Unit 

so? 

606 . 7 

2,184.0 

19,134.2 

NOTE:    Emission  rates  on  first  line  are  average,    rotes  on  second  line  are  maximum 
values. 

1/     i  gm  =  0.035  ounces    (avdp) 

2/      1   Kgm   ={1,000  gm 

12.2  pounds  (avdp) 


1,000  Kgm 

3/      1  Mgm  =   1  metric  ton  {  2,204.6  pounds    (avdp) 

1.102  short  tons 
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TABLi:  11-17 

EXPECTED  NO     EMISSIONS 
x 

FOR  THE  PROPOSED  COLONY  SHALE  OIL  PLANT   (1) 


SOURCES  LOCATED  AT 
PLANT  SITE 


TOTAL  NOx  EMISSION  RATES 

FOR  ALL  STACKS 

NO.  OF  2/  3/ 

STACKS      gm/sec  -      Kgm/hr  -'     Mgm/yr  -' 


Preheat  Systems 

6 

165.78 
186.36 

596.8 
670.9 

5,227 
5,877 

Elutriator  Systems 

6 

14.28 
15.90 

51.4 
57.2 

450 
501 

Coker  Heater 

1 

1   06 
1.17 

3.8 
4.2 

33 
37 

Gas-Oil  Reactor  Feed 

Heater 

2 

0.34 
0.38 

1.2 
1.4 

11 
12 

Gas-Oil  Reboiler  Furnace 

1 

1.41 

1.52 

5.1 
5.5 

44 
48 

Naphtna  Reactor  Feed 

Heater 

1 

0.16 
0.18 

0.6 
0.6 

5 
6 

Hydrogen  Reforming  '. 

Furnaces 

4 

10.36 
11.40 

37.3 
41.0 

327 
359 

Boilers    (Auxiliary) 

2 

2.72 
3.02 

9.8 
10.9 

86 
95 

Sulfur  Plant  Tail  Gas  Un 

1 

0.00 

0.0 

0 

Shale  Wetter 

6 

0.00 

0.0 

0 

Fine  Ore  Storage 

1 

0.00 

0.0 

0 

Fine  Ore  Crusher 

4 

0.00 

0.0 

r. 

Mine  Ventilator 

3 

31.52 

113.4 

993 

Total  for  Plant  Site 

38 

227.63 
251.45 

819.4 
905.1 

7,176 
6,935 

SOURCES   LOCATED  AT 
GRAND  VALLEY 


Utility  Boilers 

2 

0.10 

0.4 

3.2 

Total  for  Both  Sites 

40 

227. "3 
251.55 

819.8 
905.5 

7,  179 
6^938 

NOTE:      There  is  no  emission  reduction  equipment  tor  NO,  emissions. 

Emission  rates  on  first  line  are  average,    rates  on  second  line  are 
maximum  values. 


U 


1  grc\  =  0.035  ounces    (avdp) 

1   Kgm  =  i  1,000  gm 

1 2.2  pounds    (avdp) 


(  1,000  Kgm 
3/        1  Mgm  =   1   metric  ton    <  2,204.6  pounds    (avdp) 

I  1.102  short  tons 
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TABLE  11-18 

EXPECTED  HYDROCARBON  EMISSIONS 

FOR  THE  PROPOSED  COLONY  SHALE  OIL  PLANT  (1) 


SOURCES  LOCATED  AT 
PLANT  SITE 


NO.  OF 
STACKS 


TOTAL  TH  EMISSION  RATES 
FOR  ALL  STACKS 

1/  2/  3/ 

gm/sec  -      Kgm/hr  -      Mgm/yr  - 


4/ 
Preheat  Systems  — 

6 

34.08 
37.86 

122.7 
136.3 

1,074 
1,194 

Elutriator  Systems 

6 

0.036 
0.036 

0.13 
0.13 

1.1 

1.1 

Coker  Heater 

1 

0.025 
0.025 

0.09 
0.09 

0.8 
0.8 

Gas-Oil  Reactor  Feed  Heater 

2 

0.012 
0.012 

0.04 
0.04 

0.4 
0.4 

Gas-Oil  Reboiler  Furnace 

1 

0.025 
0.025 

0.09 
0.09 

0.8 

0.8 

Naphtha  Reactor  Feed  Heater 

1 

0.013 
0.013 

0.046 
0.046 

0.4 
0.4 

Hydrogen  Reforming  Furnace 

4 

0.20 
0.22 

0.72 
0.82 

6.3 
6.9 

Boilers    (Auxiliary) 

2 

0.05 
0.06 

0.18 
0.23 

1.6 

2.0 

Sulfur  Plant  Tail  Gas  Unit 

1 

0.00 

0.00 

0.0 

Shale  Wetter 

6 

0.00 

0.00 

0.0 

Fine  Ore  Storage 

1 

0.00 

0.00 

0.0 

Fine  Ore  Crusher 

4 

0.00 

0.00 

0.0 

Mine  Ventilator 

3 

6.30 

22.70 

199 

Total  for  Plant  Site 

38 

40.74 
44.56 

146.7 
160.4 

1,284 
1,206 

SOURCES  LOCATED  AT 
GRAND  VALLEY 

Utility  Boilers 


0.00 


0.00 


0.00 


Total  for  Both  Sites 


40 


40.74 

44.56 


146.7 
160.4 


1,284 
1,206 


NOTE:      Emission  rates  on  first  line  are  average,    rates  on  second  line  are 
maximum  values . 


1/     1  gm  =  0.035  ounces    (avdp) 

2/     1  Kgm  =/l,000  gm 

12.2  pounds    (avdp) 

(  1,000  Kgm 
3/     1  Mgm  =  1  metric  ton  <  2,204.6  pounds    (avdp) 

(  1.102  short  tons 

4/     Without  a  hydrocarbon  incinerator  in  the  preheat  system,   hydrocarbon 
emissions  are  estimated  to  be  218.4  Kgm/hr  or  1,913  Mgm/yr.    There 
are  no  other  emission  control  devices  for  the  emission  sources  shown. 
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TABLE  11-19 

EXPECTED  PARTICULATE  EMISSIONS 

FOR  THE  PROPOSED  COLONY  SHALE  OIL  PLANT   (1) 


SOURCES  LOCATED  AT 
PLANT  SITE 


TOTAL  PM  EMISSION  RATES 
FOR  ALL  STACKS 


NO.  OF 
STACKS 


/         1/     v       /u     2/ 

gm/sec  -      Kgm/hr  - 


Mgm/yr 


3/ 


WITHOUT 

DUST 

SUPPRESSION 

EQUIPMENT 

Kgm/hr     Mgm/yr 


Preheat  Systems 


30.66 
34.08 


110.4 
122.7 


967 
1,074 


SOURCES  LOCATED  AT 
GRAND  VALLEY 


5,187         45,438 


Elutriator  Systems 

6 

27.24 
30.30 

98.1 
109.1 

859 
955 

Coker  Heater 

1 

0.14 
0.15 

0.5 
0.5 

4 
5 

0.5 

5 

Gas-Oil  Reactor  Feed  Heater 

2 

0.05 
0.05 

0.2 
0.2 

1.8 
1.8 

0.2 

1.8 

Gas-Oil  Reboiler  Furnace 

1 

0.20 
0.23 

0.7 
0.8 

6 

7 

0.8 

7 

Naphtha  Reactor  Feed  Heater 

1 

0.025 
0.025 

0.09 
0.09 

0.8 
0.8 

0.09 

0.8 

Hydrogen  Reforming  Furnace 

4 

1.44 
1.60 

5.2 
5.8 

45 
50 

5.8 

50 

Boilers    (Auxiliary) 

2 

0.36 
0.40 

1.3 
1.4 

11 
13 

1.4 

13 

Sulfur  Plant  Tail  Gas  Unit 

1 

0.00 
0.00 

0.0 
0.0 

0 
0 

0 

0 

Shale  Wetter 

6 

30.66 
34.08 

110.4 
122.7 

967 
1,074 

272 

2, 

383 

Fine  Ore  Storage 

1 

0.53 
0.59 

1.9 
2.1 

17 
19 

701 

6, 

138 

Fine  Ore  Crusher 

4 

4.14 
4.59 

14.9 
16.5 

131 
145 

5,356 

46; 

,919 

Coarse  Ore  Crusher 

1 

0.92 

3.3 

28.9 

1,184 

10, 

372 

Portal  Transfer  Point 

1 

0.06 

0.23 

2.0 

0.23 

2.0 

Transfer  Tower  Feed  Bin 

1 

0.64 

2.3 

20.1 

2.3 

20.1 

Reclaim  Tunnel  Transfer  Point 

1 

0.70 

2.5 

21.9 

2.5 

21.9 

Mine  Ventilator 

3 

3.17 

11.4 

99.9 

11.4 

99.9 

Total  for  Plant  Site 

42 

100.9 
111.6 

363.5 
401.7 

3,182.4 
3,257.3 

12,716 

L 1 1 , 

471 

Utility  Boilers 

2 

0.01 

0.05 

0.4 

Total  for  Both  Sites 

44 

100.9 
111.6 

363.6 
401.8 

3,182.8 
3,257.7 

NOTE:      Emission  rates  on  first  line  are  average,    rates  on  second  line  are  maximum  values. 

1/       1  gm  =  0.035  ounces    (avdp) 

2/        1   Kgm  =  i  1,000  gm 

(2.2  pounds    (avdp) 

(1,000  Kgm 
3/        1  Mgm  =   1  meiric  ton    s  2,204.6  pounds    (avdp) 

I  1. 102  short  tons 
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TABLE  11-20 

EXPECTED  CARBON  MONOXIDE  EMISSIONS 

FOR  THE  PROPOSED  COLONY  SHALE  OIL  PLANT  (1) 


TOTAL  CO  EMISSION  RATES 
FOR  ALL  STACKS 


SOURCES  LOCATED  AT 
PLANT  SITE 


NO.  OF  .         7/  v 

STACKS   gm/sec  -   Kgm/hr -   Mgm/yr  - 


Preheat  Systems 

6 

5.50 
6.17 

19.8 
22  2 

173.4 
194.5 

Elutriator  Systems 

6 

0.361 
0.389 

1.3 
1.4 

11.4 
12.3 

Coker  Heater 

1 

0.14 
0.14 

0.5 
0.5 

4.4 
4.4 

Gas-Oil  Reactor  Feed 

Heater 

2 

0.06 
0.0b 

0.2 

0.2 

1.8 

1.8 

Gas-Oil  Reboiler  Furnace 

1 

0.17 
0.17 

0.6 
0.6 

5.3 

5.3 

Naphtha  Reactor  Feed 

Heater 

1 

0.025 
0.025 

0.09 
0.09 

0.8 
0.8 

Hydrogen  Reforming  Furnace 

4 

1.25 
1.36 

4.5 
4.9 

39.4 
42.9 

Boilers    (Auxiliary) 

2 

0.33 
0.36 

1.2 
1.3 

10.5 
11.4 

Sulfur  Plant  Tail  Gas 

Unit 

1 

0.00 

0.0 

0.0 

Shale  Wetter 

6 

0.00 

0.0 

0.0 

Fine  Ore  Storage 

1 

0.00 

0.0 

0.0 

Fine  Ore  Crusher 

4 

0.00 

0.0 

0.0 

Mine  Ventilator 

3 

55.44 

199.6 

1,748.5 

Total  for  Plant  Site 

38 

63.28 
64.11 

227.8 
230.8 

1,995.5 
2,021.9 

SOURCES  LOCATED  AT 
GRAND  VALLEY 


Utility  Boilers 

2 

0.01 

0.05 

0.4 

Total  for  Both  Sites 

40 

63.29 
64.12 

227.8 
230.8 

1,995.9 
2,022.3 

NOTE:      There  are  no  emission  control  devices  available  for  the  sources  show 

Emission  rates  on  first  line  are  average,    rates  on  second  line  are 
maximum  values. 


1/ 

2/ 


1  gm  =  0.035  ounces    (avdp) 

1  Kgm  =/  1,000  gm 

I  2  .2  pounds    (avdp) 


1,000  Kgm 
L  Mgm  r    L   metric  ton     {   2,204.6  pounds    (avdp) 

1 .102  short  tons 
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TABLE  11-21 
SUMMARY  OF   ESTIMATED  CONTROLLED   EMISSIONS 
FOR  THE  PROPOSED  COLONY  SHALE  OIL  PLANT   (1) 


SOURCES  LOCATED  AT 

NO.   OF 
STACKS 

EMISSION 

RATES  in  Kgm/hr 

PLANT   SITE 

S02 

NO 

X 

TH 

PM 

CO 

Preheat  Systems 

6 

23.1 
26.1 

596.8 
670.9 

122.7 
136.3 

110.4 
122.7 

19.8 
22.2 

Elutriator  Systems 

6 

43.0 
47.7 

51.4 
57.2 

0.13 
0.13 

98.1 
109.1 

1.3 
1.4 

Coker  Heater 

1 

1.3 
1.4 

3.8 
4.2 

0.09 
0.09 

0.5 
0.5 

0.5 
0.5 

Gas-Oil  Reactor  Feed  Heater 

2 

0.41 
0.45 

1.2 

1.4 

0.04 
0.04 

0.2 
0.2 

0.2 
0.2 

Gas-Oil  Reboiler  Furnace 

1 

1.72 
1.81 

5.1 
5.5 

0.09 
0.09 

0.7 
0.8 

0.6 
0.6 

Naphtha  Reactor  Feed  Heater 

1 

0.18 
0.23 

0.6 
0.6 

0.046 
0.046 

0.09 
0.09 

0.09 
0.09 

Hydrogen  Reforming  Furnace 

4 

12.38 
13.68 

37.3 
41.0 

0.72 
0.82 

5.2 
5.8 

4.5 
4.9 

Boilers    (Auxiliary) 

2 

3.24 
3.60 

9.8 
10.9 

0.18 
0.23 

1.3 

1.4 

1.2 
1.3 

Sulfur  Plant  Tail  Gas  Unit 

1 

42.91 
47.66 

0.0 
0.0 

0.00 
0.00 

0.0 
0.0 

0.0 
0.0 

Shale  Wetter 

6 

0.00 
0.00 

0.0 
0.0 

0.00 
0.00 

110.4 
122.7 

0.0 
0.0 

Fine  Ore  Storage 

1 

0.00 
0.00 

0.0 
0.0 

0.00 
0.00 

1.9 
2.1 

0.0 
0.0 

Fine  Ore  Crusher 

4 

0.00 
0.00 

0.0 
0.0 

0.00 
0.00 

14.9 
16.5 

0.0 

0.0 

Coarse  Ore  Crusher 

1 

0.00 

0.0 

0.00 

3.3 

0.0 

Portal  Transfer  Point 

1 

0.00 

0.0 

0.00 

0.23 

0.0 

Transfer  Tower  Feed  Bin 

1 

0.00 

0.0 

0.00 

2.3 

0.0 

Reclaim  Tunnel  Transfer  Point 

1 

0.00 

0.0 

0.00 

2.5 

0.0 

Mine  Ventilator 

3 

0.00 

113.4 

22.7 

11.4 

199.6 

Total  for  Plant  Site 

42 

128.2 
142.6 

819.4 

905.1 

146.7 
160.4 

363.5 
401.7 

227.8 
230.8 

SOURCES  LOCATED  AT 
GRAND  VALLEY 


Utility  Boilers                                         2 

0.2 

0.4 

0.0 

0.05       0, 

.05 

Total  for  Both  Sites                            44 

128.4 
142.8 

819.8 
905.5 

146.7 
160.4 

363.6     227. 
401.8     230. 

8 
8 

NOTE:      Emission  rates  on  first  line 
maximum  values. 

are 

average, 

,    rates 

on  second  line  are 
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Diesel  fuel  produced  in  the  gas  oil  hydrogenation  unit  will  be  used  in  the 
mine  and  processed  shale  disposal  operations.    An  average  of  300-400  bbl/day 
of  diesel  fuel  will  be  used  for  diesel-powered  equipment  in  these  two  areas . 

SOLID  WASTE  DISPOSAL   (1) 

Over  400  million  tons  of  shale  will  be  processed  and  disposed  of  during  the 
20-year  operation  of  the  plant.    Along  with  the  processed  shale,  Colony 
proposes  to  dispose  of  various  catalytic  materials,  carbon,  small  trees  and 
brush  cleared  during  construction  operations,  sludge  from  various  processes, 
possibly  coke,  and  sludge  from  processed  sanitary  waste  at  the  plant  site. 
The  specific  method  for  disposing  of  spent  catalyst  and  arsenic  removal  waste 
material  in  the  processed  shale  embankment  has  not  been  firmly  established. 
Colony's  present  preferred  alternative  is  to  haul  the  material  to  the  disposal 
area  separately,  spread  the  material  over  a  large  area  of  the  shale  and  mix 
with  the  processed  shale  coming  off  the  conveyor  by  spreading  thin  lifts  of 
shale,  then  compacting  with  a  sheep's  foot  roller.    Table  11-13  shows  the 
latest  estimate  of  solid  wastes  to  be  generated  by  the  plant  and  mine.    The 
total  solid  wastes  will  be  approximately  20,220,000  tons  per  year. 

Processed  shale  disposal  will  be  carried  out  continuously  at  various  locations 
in  Davis  Gulch  -  a  high,  shallow  valley  in  the  northwestern  portion  of  Colony's 
Dow  West  property  (Figure  11-27,   1974  photograph)  .    Davis  Gulch  is  a  side 
drainage  of  Parachute  Creek,  approximately  17  miles  from  Grand  Valley. 
Elevation  drops  quite  rapidly  (700  feet)  until  Davis  Gulch  reaches  Parachute 
Creek.    Then  for  15  miles  to  Grand  Valley,  elevation  only  changes  800  feet. 
See  Figure  11-28  for  profile. 
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FIGURE  11-27.    View  of  Davis  Gulch  processed  shale  disposal  site, 
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PROPOSED  ACTION 

Three  structures  will  be  installed  which  provide  support;  namely,  a  transfer 
station  where  materials  move  from  conveyor  to  trucks,  a  mobile  equipment 
maintenance  building ,  and  a  changehouse  and  office  facility  to  house  the  engi- 
neering and  operations  personnel  involved  in  the  processed  shale,  disposal 
work.    The  structures  will  be  constructed  at  approximately  the  8,000-foot 
elevation  on  the  western  side  of  Davis  Gulch.    Access  roads,  utilities,  and 
sanitation  equipment  will  be  constructed  to  operate  the  processed  shale  facility, 

Processed  shale  will  be  moistened  to  about  13  percent  by  weight  at  200°F  at 
the  retorting  facility  with  waste  water .    The  solid  material  will  be  transported 
by  a  totally  enclosed  overland  conveyor  to  the  Davis  Gulch  disposal  site.    It 
will  be  transferred  to  trucks  for  transportation  to  the  active  disposal  area 
where  the  processed  shale  embankment  will  be  constructed  as  a  compacted 
landfill.    The  location  of  the  processed  pile  has  not  been  finally  determined. 
Present  plans  involve  disposal  in  side  drainages  of  Davis  Gulch.    However, 
future  plans  may  be  to  dispose  shale  in  the  main  draw  of  Davis  Gulch  unless 
successful  subsurface  disposal  methods  are  developed . 

The  embankment  may  be  visualized  as  an  earthen  dam  retaining  an  earth  fill. 
The  dam  or  frontal  portion  of  the  embankment  is  not  laterally  supported  and 
must  be  structurally  capable  of  standing  and  retaining  the  potential  lateral 
forces  of  an  upstream  landfill . 

Topsoil  will  be  removed  ahead  of  filling  and  stockpiled  for  reuse  in  reclama- 
tion of  the  800  acres  to  eventually  be  rehabilitated;  only  200  acres  of  the 
shale  pile  can  be  covered  with  a  6-inch  layer  with  existing  soil  strippings 
from  the  Davis  Gulch  disposal  area.     Colony  has  been  successful  in  revege- 
tating  shale  without  topsoil.    Therefore  only  critical  areas,  steeper  slopes, 
south  exposures,  etc.  will  probably  be  covered  with  topsoil.    The  design 
of  the  shale  pile  is  as  follows: 

-  The  front  slope  of  the  embankment  will  be  constructed  on  a  4-foot- 
horizontal  to  1 -foot-vertical  inclination,  with  horizontal  benches  at 
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25  vertical  feet  separation.    These  benches  will  slope  toward  the 
embankment  at  a  10  percent  slope  to  contain  the  downslope  drainage, 
and  toward  drainage  flumes  to  convey  the  runoff  down  and  away 
from  the  embankment  (see  Figures  11-29  and  11-30)  . 

The  springs  and  seeps  in  Davis  Gulch  will  be  capped  and  diverted  into 
the  drainage  system .    This  will  prevent  water  entering  the  side  or  bottom 
of  the  pile. 

The  drainage  system  is  designed  for  the  probable  maximum  thunder- 
storm, 6.5  inches  of  rainfall  per  hour.    Drainage  flumes  will  be  from 
3  feet  to  4  feet  in  width.    Flumes  will  be  installed  to  route  runoff  from 
the  top  of  the  embankment  and  surrounding  watershed  laterally  along 
the  edges  of  the  shale  pile.    Spacing  will  be  400  feet  between  down- 
slope  flumes,  with  drainage  toward  the  outside  limits  of  the  embank- 
ment, where  central  flumes  will  join  the  outside  ones.    Transition 
sections  and  energy  dissipators  will  be  installed  near  the  toe  of  the 
embankment.    Small  settling  basins  will  be  constructed  to  remove  the 
suspended  solids  from  the  main  flow  to  the  catchment  basin. 

The  up-stream  landfill  will  be  placed  behind  the  front  slope,  and  be 
built  up  the  same  time  the  front  slope  is  constructed . 

Controlled  placement  will  be  accomplished  by  150  ton  bottom  dump 
trucks,  spreading  discharges  18  inches  deep  across  the  fill.    Com- 
paction will  be  accomplished  by  a  segmented  wheel  compactor  to  a 
density  of  95  pounds  per  cubic  foot  on  the  frontal  slope  and  85  pounds 
per  cubic  foot  on  the  interior  pile  (see  Figure  11-31  for  cross  section 
of  pile)  .    These  densities  can  be  obtained  when  the  moisture  content 
ranges  from  12  to  14  percent. 

Finishing  operations  will  have  swells,  hummocks,  hills,  and  valleys 
to  simulate  surrounding  terrain.    To  the  maximum  extent  possible,  the 
elevation  of  the  top  surface  will  be  maintained  below  the  present  ridge- 
line.    Finishing  operation  will  not  begin  until  final  elevation  is  achieved, 
and  will  start  from  the  embankment  and  proceed  up-stream. 

11-64 


PROPOSED  ACTION 


DIVERSION  DITCHES 
UNLINED 


OLLECTOR  DRAINS 
PAVED  INVERTS 

PAVED  FLUME  SECTIONS 


DIVERSION 
DITCHES 


NERGY  DISSIPATORS 
LOW  DAM 
SETTLING  POND 


1  PAVED  FLUME 
SECTION 


SIDE  CHANNEL 
SPILLWAY 


FIGURE  11-29 
DRAINAGE  SYSTEM  OF  PROCESSED  SHALE  PILE       (1) 
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FIGURE  11-30 
TYPICAL  SLOPE  SECTION  OF  PROCESSED  SHALE  PILE      (1) 
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FIGURE  11-31 
CROSS  SECTION  OF  PROCESSED  SHALE  EMBANKMENT       (1) 


After  finishing  operations  have  been  achieved  on  the  interior  pile, 
water  will  be  used  to  leach  the  salts  down  into  the  shale  pile. 
Approximately  7  to  10  inches  of  water  is  needed  to  leach  the  salts  down 
to  a  satisfactory  level     (5)  .    The  satisfactory  level  is  around  4  mmhos/cm, 
the  amount  of  soluble  salt  in  the  plant  rooting  which  would  allow  the 
growth  of  salt  sensitive  as  well  as  salt  tolerant  species. 

If  efforts  to  vegetate  processed  shale  without  adding  natural  soil  prove 
unsuccessful,      a  6-inch  layer  of  topsoil  will  be  put  on  the  finished  em- 
bankment and  interior  pile.    At  this  time  a  sprinkler  system  will  be  in- 
stalled to  irrigate  the  rehabilitated  area.    Fertilizer,  at  the  rate  of  600 
pounds  phosphorus  and  70  pounds  nitrogen  will  be  applied  per  acre. 
Additional  nitrogen  at  the  same  rate  will  be  applied  throughout  the 
growing  seasons.    Dried  sewage  sludge  will  also  be  added  as  a  fertilizer 
and  soil  amendment. 

Studies  are  still  underway  to  determine  the  best  seeding  mixture  and 
intensity  for  use  in  the  revegetation  program.    This  experimental 
program  will  continue  throughout  the  revegetation  of  the  shale  pile  until 
desirable  ratio  of  ground  cover  and  density  is  achieved. 

The  initial  seeding  will  be  with  a  mixture  of  approximately  45  percent 
grasses,  40  percent  shrubs,  and  15  percent  forbs .    The  grass  species 
which  have  shown  the  most  potential  for  use  in  the  revegetation  program 
are:     Sodar  streambank  wheatgrass,  western  wheatgrass,  tall  wheatgrass, 
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hairy  wheatgrass,  wildrye,  giant  wildrye,  hard  fescue,  and  alkali  sacaton 
Of  the  forbs,  the  most  promising  species  are:    Rocky  Mountain  penstemon, 
Osterhout  penstemon,  western  yarrow,  milkvetch,  alfalfa,  and  yellow 
sweet  clover . 

-  Shrub  species  will  be  hand  collected  from  local  plants,  with  the 
following  species  being  utilized:     serviceberry,  big  sagebrush, 
mountain  mahogany,  Gambel  oak,  snowberry,  bitterbrush,  rubber 
rabbitbrush,  and  four-winged  saltbush. 

-  Initial  treatment  will  be  mechanical  seeding  supplemented  by  manual 
reseeding  as  necessary.    After  species  have  become  established, 
2-to-3-year-old  nursery  stock  of  native  shrub  species  would  be  trans- 
planted to  establish  species  composition  similar  to  native  communities. 
An  approximate  ratio  might  be  on  the  order  of  10:  7:  3:  2:  1  of  oak:  sage: 
serviceberry:  bitterbrush:  mountain  mahogany.    The  initial  planting 
rate  will  be  1,500-2,000  plants  per  acre. 

-  During  the  first  10  years  of  shale  production,  the  size  of  the  areas  to 
be  revegetated  will  vary  from  9  to  14  acres  per  year.  After  10  years 
of  production,  well  over  a  hundred  acres  will  have  to  be  revegetated 
each  year . 

-  Livestock  and  natural  herbivores  will  be  fenced  out  during  the  initial 
establishment  phase  to  protect  newly  vegetated  areas. 

-  Monitoring  devises,  such  as  ground  water  wells,  potentiometers,  and 
strain  guages  will  be  installed .    These  will  detect  ground  water  contamin- 
ation, pollutant  mobility,  and  shale  pile  stability.    Complete  monitoring 
programs  will  be  fully  developed  prior  to  plant  start-up . 

With  the  results  obtained  from  the  latest  revegetation  studies  it  appears  that 
highly  satisfactory  results  will  be  obtained  (1)  .    It  has  been  shown  that  top- 
soil  is  not  absolutely  required .    Good  results  have  been  obtained  by  using 
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native  talus  materials  as  a  covering  over  the  processed  shale.    The  talus  material 
reflects  the  sun's  rays,  which  keeps  the  surface  temperature  lower  and  also 
aids  in  retarding  runoff  and  erosion. 

Recent  results  from  seeding  trials  show  that  3  inches  of  topsoil  yields 
comparable  results  to  6  inches  of  topsoil.    Therefore,  it  is  conceivable  that 
more  of  the  processed  shale  pile  could  be  covered    with  the  limited  amount  of 
soil  available  (5)  . 

One  alternative  to  revegetation  would    be  the  placement  of  rock  over  the  sur- 
face.   This  is  still  considered  an  alternative,  but  was  not  considered  the 
primary  rehabilitation  measure  due  to  the  impact  on  aesthetics. 

Colony  was  asked  for  a  statement  concerning  the  long-term  status  of  the 
processed  shale  pile  and  Davis  dam.  In  a  letter  dated  July  19,  1976  the 
following  statement  was  issued  . 

"Colony  believes  that  making  a  commitment  now  to  take  specific 
actions  in  the  future  concerning  the  Davis  Gulch  dam  and  the 
processed  shale  embankment  is  unnecessary  and  inappropriate. 
It  is  more  appropriate  to  make  a  general  commitment  oriented 
toward  meeting  the  goals  of  maintaining  air  and  water  quality, 
protecting  public  health  and  safety,  and  returning  disturbed  areas 
to  a  long-term  condition  of  equal  or  better  value  as  wildlife  habitat 
and/or  grazing  land  . 

Colony  cannot  and  will  not  'walk  away'  from  the  Davis  Gulch  dam 
and  processed  shale  embankment  if  the  commercial  plant  is  ever 
permanently    closed  down .    Colony  will  do  whatever  is  necessary  to 
protect  the  quality  of  Parachute  Creek  water .    This  may  mean 
maintaining  the  dam   (if  not  sold  for  recreation,  water  storage,  or 
other  purposes)  until  it  is  clear  that  the  processed  shale  embankment 
revegetation  is  self-sustaining,  and  capable  of  minimizing  erosion, 
and  runoff  quality  is  comparable  to  that  from  native  soils . " 
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WATER  SUPPLY   (6) 

The  natural  flow  water  rights  held  by  the  Colony  Development  Operation  for 
the  diversion  of  water  from  the  Colorado  River  are  of  a  relatively  recent 
(1957)  priority  date.    Such  rights  will  not  assure  a  constant  supply  of  water 
during  months  of  reduced  river  flow  without  impinging  on  senior  water 
rights .    Thus  the  proposed  development  will  need  supplemental  water  to 
assure  the  successful  operation  of  an  oil  shale  development. 

The  participating  companies  in  the  Colony  Development  Operation  are  negoti- 
ating a  contract  with  the  Bureau  of  Reclamation  for  annual  delivery  of  up  to 
7,200  acre-feet  of  water  from  Green  Mountain  Reservoir.    This  reservoir,  a 
facility  of  the  existing  Colorado-Big  Thompson  Project,  has  a  total  storage 
capacity  of  154,645  acre-feet.    Senate  Document  No.  80  (authorizing  report 
for  the  Colorado-Big  Thompson  Project)  prescribes  that  52,000  acre  -  feet, 
shall  be  available  to  furnish  replacement  water  in  western  Colorado  for 
water  which  would  otherwise  be  usable  there  by  holders  of  vested  water 
rights  if  not  withheld  or  diverted  by  the  Colorado-Big  Thompson  Project. 
Under  the  proposed  contract,  water  will  be  made  available  from  the  uncommitted 
portion  of  the  102,  645  acrefeet  of  remaining  Green  Mountain  Reservoir 
capacity.  Water  releases  under  the  proposed  contract  will  also  be  used 
by  the  United  States  to  produce  power  at  the  Green  Mountain  Power  Plant. 

The  proposed  water  service  contract  is  being  negotiated  pursuant  to  Section 
9(c)  (2)  of  the  Reclamation  Project  Act  of  1939,  as  amended.    The  contract  will 
be  renewable,  and  will  cover  a  term  of  20  years  commencing  with  the  year  in 
which  the  initial  delivery  of  water  is  requested.    Some  of  the  principal  provi- 
sions of  the  proposed  contract  are  as  follows: 

-  The  maximum  quantity  of  water  to  be  furnished  from  Green  Mountain 
Reservoir  is  not  to  exceed  7,200  acre-feet  annually. 
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-  The  point  of  delivery  will  be  the  outlet  works  of  Green  Mountain  Dam 
and  Power  Plant.    Colony  Development  Operation  will  have  to  stand 
the  river  losses  assessed  by  the  Colorado  State  Engineer  between  the 
point  of  delivery  on  the  Blue  River  and  Colony's  point  of  diversion 
downstream  on  the  Colorado  River. 

-  Colony  will  pay  the  United  States  on  an  acre-foot  basis  and  in  advance 
for  the  quantity  requested  each  year . 

-  Colony  must  request  the  initial  delivery  of  water  before  the  end  of  a  10- 
year  option  period  which  commences  on  the  date  the  contract  is  executed. 

-  Colony  shall  comply  fully  with  all  applicable  Federal  and  Colorado  laws, 
orders,  and  regulations  concerning  water  and  air  pollution. 

-  Colony's  right  to  the  delivery  of  water  under  the  proposed  contract  will 
be  subject  to  the  following: 

-  All  provisions  of  Section  13  (c)  of  the  Boulder  Canyon  Project  Act, 
approved  December  21,  1928  (45  Stat.  1064);   43  U.S. C.  617  1   (c)  . 

-  The  provisions  of  Section  14  of  the  Colorado  River  Storage  Project 
Act,  approved  April  11,  1956,    (70  Stat.  105);   43  U.S. C.  620m. 

-  The  terms  and  provisions  of  that  certain  contract  No.  I  lr-1051, 
including  the  amendments  thereof,  dated  July  5,  1938,  between 
the  United  States  of  America,  and  the  Northern  Colorado  Water 
Conservancy  District  of  Loveland,  Colorado. 

-  The  Final  Judgment,  Final  Decree  and  Stipulations  incorporated 
therein  in  the  consolidated  cases  of  the  United  States  of  America 
v .  The  Northern  Colorado  Water  Conservancy  District,    et  al. , 
Civil  Nos.  2782,  5016,  and  5017,  in  the  United  States  District 
Court  for  the  District  of  Colorado. 

The  Bureau  of  Reclamation  does  not  plan  on  submitting  the  proposed  contract 
to  the  Secretary  of  the  Interior  for  approval  as  to  form  and  authority  to  execute 
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on  behalf  of  the  United  States  until  the  final  EIS  has  been  on  file  with  CEQ  for 
30  days . 

The  design  rate  for  usage  of  Colorado  River  water  has  been  established  at 
approximately  12.5  cf  s .    An  18-mile  water  pipeline  will  be  routed  from  the 
Colorado  River  through  the  service  corridor  to  the  plant  site.    The  main  pump 
station  will  be  near  the  river  with  a  booster  station  near  the  mine  bench   (see 
Figure  II- 1)  .     A  turn  out  valve  will  be  installed  to  release  water  back  into 
Parachute  Creek.    The  water  released  will  satisfy  senior  downstream  water  rights 

River  water  storage  on  the  plateau  site  will  be  in  a  storage  tank  and  the 
reservoir  in  the  Middle  Fork  of  Parachute  Creek.    A  five  million  gallon 
storage  tank  will  hold  a  12-to-24  hour  supply  of  clarified  river  water  with 
additional  water  held  in  reserve  for  the  fire  protection  system.    The  Middle 
Fork  Reservoir  will  have  design  storage  of  300  acre  feet.    Normally  storage 
will  be  maintained  at  200  acre  feet  or  less.    This  will  provide  additional 
flood  storage  for  facilities  on  the  mine  bench . 

Insignificant  amounts  of  water  have  been  encountered  during  operation  of 
the  pilot  mine.  Based  on  this  experience,  little  water  is  expected  during 
commercial  mining  operations . 

A  further  source  of  water  may  be  ground  water  developed  from  wells  which 
will  be  installed  to  provide  construction  water .    Permits  must  be  obtained 
from  the  state  for  the  drilling  of  those  wells .    If  the  wells  provide  a  firm 
yield  during  construction,  they  will  be  utilized  during  plant  operation. 

WATER  TREATMENT 

RIVER  WATER 

A  bank  intake  structure  will  pump  raw  water  to  the  plant  area,  passing  through 
a  sedimentation  process.    This  process  will  be  done  at  ponds  beside  the 
water  intake  structure  at  Grand  Valley.    After  the  water  is  pumped  to  the 
plant  site,  a  partial  softening  will  be  conducted  using  1,200  pounds  per  day 
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of  alum  and  lime  flocculants  and  50  pounds  per  day  of  coagulant  aid,  a  proprie- 
tary material  supplied  by  outside  contractors.    The  lime  sludge  will  be 
pumped  as  a  slurry  to  the  pyrolysis  unit  for  eventual  use  in  moisturizing 
processed  shale.    The  clarified  water  will  be  used  without  further  treatment 
in  the  fire  and  utility  water  systems.    After  adjustment  of  pH  with  acid  and 
addition  of  chemical  corrosion  inhibitors,  a  portion  of  the  clarified  water  will 
be  used  as  cooling  water  makeup  to  replace  that  lost  by  evaporation  and  blow- 
down  .    Potable  water  treatment  includes  filtration  and  chlorinating  of  a 
stream  of  clarified  water .    Boiler  feed  water  will  be  produced  by  filtering 
clarified  water  followed  by  softening  in  a  zeolite  ion  exchange  bed  and  addi- 
tion of  chemicals  for  corrosion  inhibition.    Aqueous  waste  streams  from  these 
systems  include  zeolite  regeneration  wastes,  boiler  blowdowns,  and  cooling 
water  blowdowns.    They  will  be  used  as  part  of  the  processed  shale  moisturizing 
water  and  will  be  tightly  bound  by  the  shale  into  a  chemically  and  physically 
stable  material . 

RUNOFF  AND  OILY  WATER 

The  waters  and  chemicals  collected  from  leaks,  drain  outs,  flushes,  wash- 
downs,  and  storm  runoff  in  the  process  area  will  flow  through  the  oily  water 
sewer  system  to  an  oil-water  separator  capable  of  handling  up  to  1,000  gpm . 
A  surge  and  guard  pond  will  be  provided  to  handle  large  quantities  of  water 
during  a  period  of  high  storm  runoff.    These  ponds  will  be  designed  to  with- 
stand the  probable  maximum  thunderstorm,  which  is  6.5  inches,   1  hour   (7)  . 

The  water  effluent  from  the  guard  pond  will  be  pumped  to  the  pyrolysis  water 
makeup  tank  for  eventual  use  in  moisturizing  processed  shale.    The  skimmed 
oil  is  sent  to  a  slop  oil  tank  for  reprocessing .    Water  from  the  slop  area  in 
the  mine  will  be  collected  in  holding  tanks  and  periodically  trucked  to  the 
process  plant  for  processing  through  the  oily-water  separator. 

SEWAGE  TREATMENT 

The  sewage  treatment  system  at  the  plant  site  will  collect  sewage  from  all 
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maintenance,  operations,  laboratory,  safety  and  security  facilities.    Effluent 
from  the  sewer  will  be  treated  in  a  secondary  package  aeration  plant.    The 
aeration  plant  will  produce  a  clarified  water  and  sludge. 

Sludge  from  the  aeration  plant  will  flow  to  a  sludge  surge  tank  and  then  to  the 
processed  shale  moisturizer  in  the  pyrolysis  unit.  The  sludge  will  ultimately 
be  mixed  with  the  processed  shale. 

Colony  is  also  considering  an  alternate  method  of  sludge  disposal.    The  alter- 
nate method  would  require  drying  the  sludge  and  disposal  as  a  solid  in  the 
processed  shale  embankment. 

Clarified  water  from  the  aeration  plant  will  be  treated  in  a  hypo-chlorination 
unit  and  then  discharged  into  the  clean  water  guard  pond.    Effluents  from  the 
clean  water  guard  pond  will  be  used  as  water  for  the  processed  shale  moisture. 

An  estimated  20,000  gallons  per  day  of  sludge  and  clarified  water  will  be 
produced  at  the  plant  site. 

Water  treatment  systems  outside  of  the  utility  unit  which  have  been  previously 
discussed  in  the  section  on  retorting  and  upgrading  include  the  following: 

Pyrolysis  unit,  water  scrubber  system 

Foul  water  stripper 

Coke  unit,  coke  fines/ water  separator 

Ammonia  separation  unit,  sour  water  stripper 

UTILIZATION 

Water  will  be  utilized  for  the  purposes  indicated  in  the  following  plant  activities: 

-  Mining  -  350  gpm  -  Wetting  down  blasted  shale,  mine  roads,  and 
drilling  dust  suppression. 
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-  Crushing,  conveying,  and  coarse  ore  storage  -  150  gpm  -  Suppression 
of  dust  with  water  sprays. 

-  Retorting  and  upgrading  -  3,655  gpm  -  Cooling  water,  steam  genera- 
tion, processed  shale  moisturizing,  and  coke  removal. 

-  Processed  shale  disposal  -  1,570  gpm  -  Dust  control,  revegetation 
program,  and  leaching  of  salts. 

-  General  plant  and  personnel  use  -  265  gpm  -  Utility  water,  fire  pro- 
tection, potable  water,  and  sanitary  sewage. 

-  During  construction  -  Water  is  required  for  concrete  manufacture, 
dust  control,  compaction  of  grades  and  fills,  and  other  general  and 
construction  personnel  uses  -  800  to  1,200  acre-feet  per  year. 

The  usage  and  disposition  of  water  during  normal  operations  is  shown  in 
Figure  11-32. 

Water  supplied  to  the  plant  will  eventually  be  consumed  or  released  to  the 
atmosphere  by  evaporation.    Water  used  in  the  processed  shale  moisturizing 
process  will  constitute  a  major  consumption  of  water.    The  processed  shale 
pile  will  be  the  point  of  disposal  for  waste  water  streams  which  are  not 
recycled.    Other  consumptive  uses  of  water  will  be:    the  steam-reforming 
process  to  make  hydrogen;   drinking  water;  and  the  revegetation  program. 
Water  used  for  dust  control  in  mining  and  crushing  operations  eventually 
will  be  released  to  the  atmosphere  by  evaporation.    Water  used  for  moistur- 
izing processed  shale  or  for  dust  control  on  the  processed  shale  embankment 
will  either  evaporate  or  become  part  of  the  processed  shale  embankment. 

Water  recovered  from  the  various  process  units  and  water  treatment  facilities 
within  the  plant  complex  will  either  be  recycled  within  the  retorting  and 
upgrading  units  or  utilized  to  moisten  processed  shale. 

The  cooling  water  system  is  comprised  of  a  complex  network  of  piping  over 
the  entire  processing  area.    About  36,000  gpm  of  cooling  water  will  circulate 
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throughout  the  plant  and  will  eventually  return  to  a  multiple  cell  cooling  tower . 
The  cooling  tower  will  incorporate  an  induced  draft  system  and  will  produce  a 
visible  water  vapor  plume  after  the  vapors  have  cooled  to  their  condensation 
point.    Water  evaporated  in  the  cooling  towers  will  not  contain  dissolved  salts. 
Cooling  water  blowdown  will  be  used  to  moisturize  processed  shale. 

All  water  used  at  the  plant  site  will  be  consumed  or  evaporated.    No  discharges 
will  be  made  into  Parachute  Creek. 


DAMS 


Two  dams  will  be  constructed  to  provide  a  combination  of  flood  and  water 
quality  protection  and  to  provide  for  limited  water  storage.    Both  dams  will 
be  designed  utilizing  standards  delineated  by  the  Bureau  of  Reclamation 
text  entitled  Design  of  Small  Dams  and  in  strict  accordance  with  safety 
standards  of  the  Colorado  Division  of  Water  Resources.    The  final  design  of 
the  dams,  according  to  Colony,  will  include  a  cutoff  trench,  grout  curtain,  or 
impermeable  blanket  as  required  to  assure  the  water  holding  capabilities  of 
the  dams.    Figure  11-33  shows  a  typical  cross  section  of  the  type  of  design 
that  will  be  utilized  for  both  Davis  Gulch  and  Middle  Fork  dams. 


GATE    LIFT   PLATFORM- 
FREE   BOARO 
NORMAL    WATER    SURFACE 


TOP   OF  CORE 
CREST    OF  DAM 


FILTER      7    WIDE  (MINI    MEASURED  H0RI2     TYPICAL 
ALONG  ENTIRE  LENGTH    OF   DAM 


-EXISTING    GROUND 

CONCRETE    CUTOFF    COLLAR 


FIGURE  11-33 
CROSS  SECTION  OF  A  TYPICAL  EARTH  &  ROCK  FILL  DAM     (1) 
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The  Davis  Gulch  Dam  will  serve  as  a  major  catchment  area  for  all  water  from 
the  Davis  Gulch  watershed  which  may  be  contaminated  or  polluted  as  a  result 
of  plant  operations,  processed  shale  disposal,  or  coarse  ore  storage.    The 
design  capacity  of  approximately  1,200  acre-feet  will  store  runoff  from  the 
probable  maximum  thunderstorm  of  6.5  inches  per  hour   (7)  .    A  safety  spill- 
way will  be  available  in  case  of  unforeseen  emergency.    Water  stored  behind 
the  dam  will  be  utilized  to  moisturize  processed  shale.    The  structure  will 
be  about  120  feet  high  of  rolled  earth/rockfill  construction. 

The  Middle  Fork  Dam  is  primarily  a  flood  and  erosion  control  structure, 
although  it  will  have  maximum  storage  capability  of  300  acre-feet.    It  will  be 
a  rolled  earth/rockfill  structure  some  100-140  feet  high.    This  structure  will 
be  designed  to  reduce  peak  floods  to  a  point  at  which  they  can  be  handled  by 
downstream  culverts  under  the  mine  bench.    It  is  anticipated  that  the  dam 
design  will  incorporate  an  uncontrolled  outlet  capable  of  passing  400  cfs  and 
that  the  runoff  from  a  probably  maximum  one-hour  thunderstorm  can  be 
stored  or  passed.    Since  calculated  maximum  floods  may  reach  peak  flows  on 
the  order  of  9,700  cfs,  this  structure  is  a  necessity  to  protect  the  mine  bench. 
The  storage  capacity  is  planned  to  provide  plant  backup  water  supply.    Water 
diverted  from  the  creek  will  be  replaced  with  water  from  the  river  waterline. 

Both  dams  will  be  designed  with  an  outlet  structure  (Figure  11-33)  .    This 
feature  is  primarily  a  regulating  measure.    It  may  be  used  to  reduce  or  extend 
fill  time  of  reservoir .    It  may  be  used  to  reduce  minimum  pool  to  accommodate 
anticipated  run-in  or  to  satisfy  downstream  needs. 

After  the  20-year  expected  plant  life,  there  is  a  substantial  possibility  that 
Colony  may  sell  the  Middle  Fork  and  Davis  Gulch  Dams  in  place  to  local  con- 
servation or  industrial  interests.    If  the  dams  are  not  sold,  removal  of  the 
dams  are  planned. 

TANKAGE,  SERVICE  CORRIDOR,  ELECTRIC  POWER, 
AND  GRAND  VALLEY  UNITS   (1) 

TANKAGE 

Tankage  at  the  plant  site  is  required  for  surge  and  temporary  storage.    Surge 
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capacity  is  required  between  processing  units  to  allow  continuous  operation 
of  one  part  of  the  plant  should  another  part  be  shut  down  for  short  periods. 
Tank  storage  of  fuels  used  in  mining,  plant,  or  processed  shale  disposal 
areas  is  necessary  to  ensure  an  adequate  supply  at  all  times.    Storage  of  low 
sulfur  fuel  is  provided  prior  to  the  product  pipelining .    A  limited  amount  of 
tankage  for  LPG,  ammonia,  and  sulfur  by-products  is  provided  at  the  plant 
site.    Table  11-22  summarizes  product  and  intermediate  tankage. 

SERVICE  CORRIDOR   (1) 

The  proposed  service  corridor  is  located  in  Parachute  Creek  valley.    It  is 
anticipated  that  most  of  the  route  will  follow  existing  county  and  private  roads . 
The  entire  corridor  is  privately  owned .    Most  land  is  owned  by  various  oil 
companies,  but  leased  back  to  the  original  owners.    Some  small  farms  and 
ranches  are  owned  by  individuals. 

An  analysis  of  alternate  powerline  corridors  is  presented  in  Chaper  IX  of  this  EIS 

The  anticipated  corridor  right-of-way  will  be  from  65  feet  to  150  feet  wide. 
This  width  does  not  include  slope  easements  needed  for  cuts  and  fills,  but  a 
precise  definition  is  not  possible  until  the  final  alignment  and  design  are 
established.    The  above  width  allows  for  widening  of  the  corridor  to  encom- 
pass additional  utility  areas  and  the  following  features  proposed  by  Colony. 

COMMUNICATION  LINES 

Although  the  final  plant  communication  system  has  not  been  designed,  it  is 
anticipated  that  a  buried  telecommunication  duct  may  be  installed  within  the 
utility  corridor.    This  duct  would  probably  be  on  the  order  of  a  6-x-6-inch 
or  9-x-9-inch  concrete  conduit.    An  alternate  communication  system  - 
microwave  -  may  be  installed . 


ROAD 


The  proposed  road  contained  within  the  corridor  will  be  designed  in  accord- 
ance with  the  State  of  Colorado  Division  of  Highways  standards,  pending 
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TABLE  11-22 
PRODUCT  AND  INTERMEDIATE  TANKAGE   (]) 


TANK  SERVICE 


STORAGE  CAPACITY 
IN   BARRELS   * 


TANK  DESCRIPTION 


Plant  Site 
Coker  Feed 

Gas  Oil  Hydrotreater  Feed 

Naphtha  Hydrotreater  Feed 
Foul  Water  Stripper  Feed 
Gas  Oil  Hydrotreater  Product 
Naphtha  Hydrotreater  Product 
No.    2  Diesel  Fuel 

Plant  Fuel  Oil 
"Butanes"  Fuel 
Oil-Water  Separator  Tank 
LPG 

Ammonia 
Sulfur 


111,400 


482,000 


260, 

000 

100, 

000 

155, 

000 

no, 

000 

4, 

000 

100 

3, 

125 

2, 

,000 

3, 

,980 

2, 

,740 

1, 

,300 

Cone  roof,  two  tanks 
@  55,700  bbl  ea. 

Cone  roof,   two  tanks 
@  241,000  bbl  ea. 

Floating  roof 

Cone  roof 

Cone  roof 

Floating  roof 

Cone  roof,   two  tanks 
2,300  bbl  at  mine  bench 
1,700  bbl  at  plant  site 

Cone  roof 

High  pressure  bullet 

Cone  roof 

Two  high  pressure 
bullets 
@  1,990  bbl  ea. 

Two  NH3  bullets 

@  1,370  bbl  ea. 

Enclosed  pit 


Grand  Valley  Terminal 
LPG 

Ammonia 

Sulfur 


20,000 

6,600 

19.800 
(3, 100  long  tons) 


Eight  high  pressure 
bullets   @  2,500  bbl  ea. 

Three  high  pressure 
bullets  @  2,200  bbl  ea. 

Cone  roof 


Lisbon  Terminal 
Oil 


120.000 


Floating  roof 


''The  capacities  shown  are  for  net  contents  and  do  not  include  allowances  for  vapor  space. 
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County  approval.    Under  this  assumption,  the  total  paved  width  of  the  road 
will  be  approximately  40  feet,  including  shoulders. 

WATER  LINE 

The  main  water  supply  line  for  the  complex  will  be  installed  within  the  corri- 
dor.    This  line  will  be  a  buried,  high-strength  steel  line.    It  is  anticipated 
that  it  will  be  lined  and  coated  with  coal  tar  epoxy  to  reduce  corrosion  and 
improve  hydraulic  characteristics.    The  pipeline  will  be  18  to  24  inches  in 
diameter,  and  will  operate  at  peak  pressure  of  around  1,000  psi.    Approximate 
length  is  18  miles  with  a  vertical  rise  of  about  3,000  feet  to  the  mine  bench. 

AMMONIA  PIPELINE 

The  ammonia  pipeline  will  be  a  buried  2-inch  line  wrapped  and  coated  for 
corrosion  resistance.    The  line  will  be  approximately  15  miles  long  and 
descend  over  3,  000  feet.    Approximately  140  tons  of  ammonia  will  be  trans- 
ported daily  via  gravity  flow.    Pipe  wall  strength  will  be  selected  to  with- 
stand full  hydrostatic  pressure  when  the  line  is  shut  in  at  the  Grand  Valley 
terminal.    Block  valves  will  be  incorporated  in  the  final  design  to  provide 
a  means  of  isolating  the  pipeline  from  the  storage  facilities.    A  pressure- 
letdown  station  will  be  provided  at  the  Grand  Valley  terminal  to  ensure  that 
the  product  pressure  delivered  to  the  vessels  does  not  exceed  normal  oper- 
ating pressure  and  inadvertently  lift  the  relief  valves.    An  excess  flow  valve 
sensor  at  the  plateau  site  will  automatically  shut  off  feed  to  the  line  in  the 
event  of  a  pipeline  rupture.    A  hydropneumatic  accumulator  will  be  installed 
at  the  Grand  Valley  terminal  to  dampen  any  temporary  pulses  in  pressure 
resulting  from  rapid  closing  of  valves. 

LPG  PIPELINE 

The  LPG  pipeline  will  parallel  the  ammonia  line,  and  will  be  a  buried  3-inch, 
wrapped  and  coated  pipe.    Flow  will  be  approximately  120  gpm .    This  pipe- 
line will  contain  the  same  safety  features  as  the  ammonia  pipeline. 
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ELECTRIC  POWER  (1) 

The  required  electric  load  for  the  complex  including  the  mine,  crushing,  and 
processing  units  will  be  about  140,  000  kva  connected  load  with  an  operating 
load  of  100,000  kva  (see  Table  II-l)  .    The  power  requirement  of  the  plant 
complex  would  probably  be  supplied  by  the  Public  Service  Company  of 
Colorado  with  two  230-kv  lines  to  a  substation  on  the  plateau.    To  ensure 
a  reliable  power  source  for  safety  purposes,  oil  refineries  customarily 
are  supplied  electrical  power  from  multiple,  independent  lines  and  independent 
generating  plants.    For  this  reason,  the  Public  Service  Company  of  Colorado 
was  requested  to  investigate  the  feasibility  of  providing  dual  transmission 
lines  to  the  plateau  site  (Figure  II-3)  .    The  proposed  power  sources  include 
the  Cameo  plant  near  Grand  Junction,  the  Hayden  plant  near  Hayden,  and 
the  Yampa  plant  near  Craig.    Formal  right-of-way  proposals  await  the 
outcome  of  ongoing  Public  Service  Company  studies. 

Although  a  final  determination  has  not  been  made  as  to  alignment,  there  are 
common  actions  related  to  powerline  construction.    Preliminary  investigations 
of  this  project  indicate  that  a  combination  of  conventional  and  helicopter  con- 
struction techniques  would  be  required  to  complete  the  proposed  construction 
in  keeping  with  good  environmental  practices.    Landforms  in  this  area  are 
such  that  many  locations  may  not  be  accessible  by  conventional  methods  and 
therefore  helicopters  would  be  required  for  moving  men  and  equipment.    The 
construction  technique  used  will  be  adapted  to  the  specific  areas  which  the 
line  will  traverse.    Conventional  equipment  would  include  a  variety  of  heavy- 
duty  trucks  and  tracked  equipment  for  construction  and  installation  of  trans- 
mission line  structures,  stringing  conductors,  or  moving  materials  into 
difficult  locations.    Cars  and  pickup  trucks  would  also  be  used  for  super- 
vision and  inspection  during  construction . 

The  proposed  project  would  use  standard  wood  pole  K-frame  structures  con- 
sisting of  two  wood  poles,  wood  crossarms,  and  wood  braces  for  230,000  volt 


11-81 


TANKAGE,  SERVICE  CORRIDOR, 
GRAND  VALLEY  UNITS 

facilities  (Figure  11-34)  .    The  configuration  of  angle  structures  will  be  depen- 
dent upon  the  degree  of  the  angle.    These  structures  will  consist  of  three  or 
more  poles  with  necessary  guy  wires  to  support  the  structure. 

In  those  areas  requiring  helicopter  construction,  latticed  self-supporting 
steel  H-frame  structures  will  be  used  if  the  wood  pole  K-frame  construction 
requirement  exceeds  the  lifting  capabilities  of  available  helicopters   (Figure 
11-35)  . 

Conductors  will  be  steel-reinforced  aluminum  with  a  nonspecular  finish  which 
will  reduce  the  reflectivity  of  the  conductor.    The  insulators  used  to  support 
the  conductors  will  be  toughened  glass  or  porcelain  and  will  be  approximately 
10  inches  in  diameter.    There  will  be  14  insulators  per  string  with  each  string 
having  an  overall  length  of  approximately  85  inches.    If  porcelain,  the  insula- 
tors will  be  brown  at  tangent  structures,  gray  at  angle  structures,  or  green 
at  all  structures  if  toughened  glass  is  used .    Standard  line  clearances  will  be 
used  as  shown  in  Table  11-23. 

GRAND  VALLEY  FACILITIES   (1) 

Initially  the  Grand  Valley  facilities  will  be  used  for  construction  purposes, 
with  later  upgrading  to  a  terminal.    It  is  anticipated  that  much  of  the  area 
will  be  utilized  as  an  equipment  laydown  area  and  parking  lot  for  a  bus 
terminal  if  the  decision  is  made  to  bus  the  employees  to  the  plant  site. 

STRUCTURES 

The  Grand  Valley  terminal  will  include  an  office  building,  warehouse, 
changehouse,  and  a  utilities  building.    During  the  construction  phase, 
additional  storage  and  work  space  will  be  provided  by  several  buildings. 
These  buildings  may  be  removed  after  construction  or  put  to  some  other 
use  depending  on  finalization  of  plans  for  the  terminal  complex. 
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FIGURE  11-34 
TYPICAL  WOOD  K  FRAME  STRUCTURE 
FOR  230,000  VOLT  TRANSMISSION  LINE    (2) 


OVERHEAD     GROUND     WIRE 


INSULATOR 
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FIGURE  11-35 
TYPICAL  SELF-SUPPORTING  STEEL  STRUCTURE 
FOR  230,000  VOLT  TRANSMISSION  LINE    (2) 
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TABLE  11-23 
LINE  CLEARANCES  USED  FOR  TRANSMISSION  LINE  CONSTRUCTION   (2) 

Recommended  Ground  Clearances  for  230,000  Volt  Lines: 

Railroads    (Crossing)  44  feet 

Roadways    (Crossing)  37  feet 

Trails    (Crossing)  34  feet 

Streams    (Crossing)   Non-Navigable  34  feet 

Average  Height  of  Structures  85  feet 

Span  Lengths  Vary  in  accordance  with 

conductor,   terrain,   and 
structure  types  used,   i.e., 
flat  to  gently  rolling 
terrain,    span  lengths 
average  700  feet. 

Minimum  Spacing  Between 

Conductors  20  feet 


An  administration  building  for  the  complex  will  be  constructed  in  the  Grand 
Valley  area.    This  building  may  be  on  Battlement  Mesa  or  in  the  terminal. 

PRODUCT  STORAGE 

By-product  storage  will  be  provided  at  the  Grand  Valley  terminal.    Three 
high-pressure  bullets  with  a  capacity  of  6,600  barrels  for  ammonia  storage  will 
be  located  at  the  terminal  facilities,  sufficient  for  five  days  storage.    Eight 
high-pressure  bullets  with  a  capacity  of  20,  000  barrels  will  provide  5  days  of 
LPG  storage.    All  high-pressure  storage  will  contain  a  relief  valve  to  flare. 
Each  of  the  bullets  will  be  surrounded  by  a  system  of  water  sprays  providing 
complete  coverage  which  will  be  automatically  triggered  in  the  event  of  a  fire. 
Storage  will  be  equipped  with  multiple  sensors  to  detect  any  vaporous  LPG 
or  NHL  leakage.    The  entire  storage  complex  is  interlocked  to  a  system  of 
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local  shutdown  stations  which,  upon  activation,  cease  all  operation  in  the 
event  of  malfunction .    Both  ammonia  and  LPG  systems  are  totally  closed  . 

Sulfur  will  be  discharged  from  trucks  into  a  lined  and  covered  sump  and 
pumped  to  a  storage  tank.    Storage  capacity  for  18  days  is  provided .    If 
coke  is  marketed,  storage  will  be  provided  at  the  terminal.    The  modular 
shop  used  in  the  construction  phases  may  be  converted  for  coke  storage. 

RAILROAD  AND  LOADING  DOCKS 

The  Denver  and  Rio  Grande  Western  Railroad  has  partially  completed  a  10,000- 
foot  siding  within  the  existing  railroad  right-of-way  and  a  spur  line  to  the 
Grand  Valley  facilities.    The  trackage  is  of  standard  design  conforming  to 
American  Railroad  Engineering  Association  (AREA)  standards.    Within  the 
staging  area  a  system  of  parellel  stacking  tracks,  runarounds,  and  switches 
will  be  constructed  so  the  railroad  will  be  able  to  make  scheduled  pickups. 
The  amount  of  trackage  will  be  minimized  but  must  be  sufficient  to  meet 
the  railroad's  schedule. 

It  is  anticipated  that  a  loading  dock  and  weigh  stations  will  also  be  installed . 
Figure  11-36  shows  Colony's  tentative  plans  for  the  general  staging  area. 

UTILITIES 

The  Grand  Valley  facilities  will  need  a  full  spectrum  of  utilities,  including  power, 
communications,  sewers,  water,  boilers,  and  flare.    Power  and  communication 
systems  will  be  tapped  into  the  plant  complex  facilities,  which  will  pass  by  the 
terminal  or  will  be  tied  into  the  existing  town  facilities .    Water  may  be  provided 
from  wells  or  a  small  package  plant  tapped  from  the  river  water  line.    Sewage 
and  potentially  contaminated  drainage  will  be  treated  in  a  package  aeration  plant 
similar  to  the  system  described  for  the  plant  complex .    It  is  unknown  at  this  time 
if  there  will  be  any  discharges  of  the  clarified  water  into  the  Colorado  River . 
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I    FLARE     2  FIRE  WATER  STORAGE      3   FIRE  WATER   PUMPHOUSE      4  SULFUR    PIT      5    SULFU*   STORAGE      6  UTILITY   BLDG      7   PIPEWAY      8   CONTROL 
VALVES     9   SLEEPERWAY        10    LPG    STORAGE       II   AMMONIA       12    PUMPS       13   SLEEPERWAY      14   K  0.   DRUM      15   SULFUR  L.R.      16   RUN    AROUND 
17  STORAGE   TANKS      18    150'  WIDE   RAILROAO    R/W  (PROPOSED)      19    POSSIBLE  ROAD  R/W      20  SCALE  TRACK      21   SCALE    HOUSE      22   RAILROAD  SPUR 
23  LOADING  TRACKS      24  MODULAR   SHOP      23    WAREHOUSE       26  CONSTRUCTION    OFFICES      27  CHANGE   HOUSE      28    PARKING      29    WASTE 
TREATMENT      30    LAYDOWN  AREA      31    POSSIBLE    ROAD    R/W 

NOTE'   FACILITIES   SHOWN   DASHED  ARE   TEMPORARY  ONLY.      THEY  WILL  BE    REMOVED  AFTER  CONSTRUCTION  IS  COMPLETE.      FACILITIES    SHOWN 
SOLID  ARE  PERMANENT. 

FIGURE  11-36 
GRAND  VALLEY  FACILITIES  AREA  -  TENTATIVE  PLOT  PLAN     (1) 


Two  small  package  boilers  with  capacities  in  the  range  of  2,  000  lb/hr  steam 
are  anticpated  at  the  terminal.    The  major  use  of  steam  will  be  for  sulfur 
handling.    The  boilers  will  be  fired  with  LPG  produced  at  the  plant  or  pur- 
chased bottled  gas.    Emissions  from  these  boilers  are  shown  in  Table  11-24. 

A  flare  will  be  provided  at  the  terminal  facilities.    The  flare  will  be  16  inches 
in  diameter  and  approximately  80  feet  high.    The  purpose  of  this  flare  is  to 
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TABLE  11-24 
TOTAL  EMMISSIONS  FROM  GRAND  VALLEY  PACKAGE  BOILERS   (1) 

STACK  EMISSIONS 

Number  of  Stacks  2 

S02  Content  0.2Kgm/hr 

NO     Content  0.4Kgm/hr 

Hydrocarbons  0.0  Kgm/hr 

Solid  Particulates  0.05  Kgm/hr 

Carbon  Monoxide  0.05  Kgm/hr 

NOTE:      For  a  breakdown  of  total  emissions  from  all  systems  see  Tables 
11-16  through  11-21. 


provide  a  means  of  safe  disposal  of  any  ammonia  or  LPG  vapors  which  may 
have  to  be  released  during  an  emergency.    Because  emergency  situations 
cannot  be  predicted,  as  to  occurrences,  emissions  from  the  flare  cannot  be 
estimated . 

LAND  EXCHANGE 

Colony  Development  Operation  is  negotiating  with  the  Bureau  of  Land  Manage- 
ment to  exchange  certain  oil  shale  lands  now  owned  by  Colony  for  seven  tracts 
of  national  resource  lands  which  are  isolated  within  its  Dow  West  property. 

The  legal  and  physical  description  of  the  offered  private  land  and  selected 
Federal  land  is  given  in  Tables  11-25  and  11-26,  and  Figure  11-37  shows  the 
relative  location  of  these  lands. 

All  of  the  offered  lands  except  the  SW/4  NW/4  and  NW/4  SW/4 ,  Sec .  3 ,  T .  5  S . , 
R.95  W. ,  are  specifically  referred  to  as  part  of  Naval  Oil  Shale  Reserve 
Number  3,  by  virtue  of  Executive  Order  of  September  27,  1924.    Also,  the 
offered  private  lands  are  subject  to  outstanding  royalty  interests  aggre- 
gating approximately  two  percent.    If  the  exchange  is  consummated,  the 
offered  lands  would  be  attached  to  the  Naval  Oil  Shale  Reserve. 
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OFFERED  LANDS   (LANDS  GIVEN)  ,  6TH  PRINCIPAL  MERIDIAN, 

COLORADO,  T.5  S.,  R.95  W. 

LOCATION  ACREAGE 


Sec 


3,   Lot  1 

56.80 

Lot  2 

56.76 

Lot  5 

18.37 

S/2  NE/4  NW/4 

20.00 

S/2  N/2 

160.00 

That  portion  of 
N/2  S/2  necessary 
to  equalize  values 
(Approx. 

20.00) 

TOTAL  ACRES        331.93 

OFFERED  LANDS    (LANDS  GIVEN) 
The  offered  private  land  is  in  one  block  located  in  the  northeast  corner 
of  the  Dow  East  property.     It  is  a  fairly  steep  tract  with  elevations 
ranging  from  7,880  to  8,518  feet.     Some  of  the  slopes  are  greater  than 
40  percent.     Two  branches  of  Corral  Gulch  cut  through  the  tract. 

The  value  of  the  oil  shale  and  other  mineral  resources  of  economic  value 
underlying  the  offered  lands  is  unknown;  the  final  determination  of  value 
will  be  made  by  the  USGS . 

SHALE  OIL  PIPELINE 

Since  construction  of  the  pipeline  would  require  Federal  lands  right-of-way 
permits  (43  CFR  2880)  ,  BLM  has  responsibility  for  evaluating  environmental 
impacts  along  the  entire  route.    Interstate  pipeline  construction  standards  are 
set  by  regulations  of  the  Office  of  Pipeline  Safety  (49  CFR  195);  river  crossings 
are  regulated  by  the  Corps  of  Engineers  (33  CFR  209);  and  potential  interfer- 
ence with  existing  public  and  private  improvements  involves  clearance  from 
the  appropriate  Federal  or  State  agency  or  the  private  owner. 
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TABLE  11-26 

SELECTED  LANDS    (LANDS  TAKEN) 

6TH  PRINCIPAL  MERIDIAN,   COLORADO 


TRACT 


LOCATION 


ACREAGE 


T.5  S,    R   96  W 


Sec 

1,  Lot  6 

Sec 

,  11,  SE/4  SE/4 

Sec 

14,  NE/4  NE/4 

T.5  S,  R  95  W 

Sec 

6,  Lot  4 

Lot  5 

Lot  6 

Lot  11 

Lot  12 

Lot  17 

Sec.  7,   Lot  4 

Sec.  7,    E/2  NE/4  NE/4 

Sec.  7,    E/2  NE/4  SE/4 

Sec.  18,    E/2  NE/4  NE/4 

TOTAL  ACRES 


7.50 

40.00 
40.00 


56 

.72 

30 

.08 

21 

,19 

21 

.17 

21 

.15 

18 

.36 

21 

.18 

20 

.00 

20 

00 

20 

.00 

337. 
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SELECTED  LANDS    (LANDS  TAKEN) 


Tract  No.    1     -     This  is  a  small  level  parcel  near  tne  upper  end  of  the  Davis  Gulch 
processed   shale  disposal  area.    Estimated  1 ,  749,  500  Tons,   1 ,  416,  261  Barrels  Shale  Oil . 

Tract  No.    2     -     This  80-acre  tract  is  moderately  level  on  the  northern  end,    but 
slopes  fairly  steeply  in  the  southern  portion.      It  is   near  the  shale  disposal   site  and 
the  plant  location.    Estimated  13,  653,  600  Tons,   11,  540,  543  Barrels  Shale  Oil . 

Tract  No .    3     -     This  is  the  largest  tract    (168.67  acres)    and   is  located  on  the  ridge 
between  Davis  Gulch  and  Middle  Fork.    Estimated  29,  909,  200  Tons,   27,  470,  000  Barrels 
Shale  Oil. 


Tract  No.    4 


This  tract  has  some  level  portions  but  is  on  a  narrow  part  of  the 


same  ridge  as  and  south  of  Tract  3  .    Estimated  3,  570,  500  Tons,  2,  992,  586  Barrels 

Tract  No.    5     -     This  is  a  fairly  level  tract  on  a  ridge  east  of  the  canyon  of  the 
Middle  Fork  of  Parachute  Creek.    Estimated  3,  370,  500  Tons,  2,808,750  Barrels 

Shale  Oil. 


Tracts  No .    6  and   7 


Two  small,    steeply  sloping  tracts  east  of  Middle  Fork  of 


Parachute  Creek  and   south  of  Tract  No.    5.    Estimated  6,  755,  400  Tons,  5,492,018 
Barrels  Shale  Oil. 
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SHALE  OIL  PIPELINE 
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PROPOSED  ACTION 

La  Sal  Pipe  Line  Company  (a  subsidiary  of  Atlantic  Richfield  Company, 
operator  of  Colony  Development  Operation)  filed  applications  on  January  18, 
1974,  with  BLM  in  Colorado  and  Utah  for  a  50-foot  right-of-way  across  the 
public  lands  involved .    The  Federal  permits  in  the  two  states  would  cover 
about  700  acres  in  segments  aggregating  about  125  miles.    Virtually  all  of 
this  potential  surface  disturbance  is  in  desert,  semi-arid  rangeland,  or 
noncommercial  woodland .    Over  half  of  the  distance  is  already  traversed  by 
an  existing  El  Paso  natural  gas  pipeline  which  La  Sal's  pipeline  would  closely 
parallel,  no  less  than  15  feet.    Both  termini  of  the  La  Sal  pipeline,  the  crossing 
of  the  Colorado  River  and  the  marsh  at  Moab,  Utah,  and  inhabited  or  cultivated 
areas,  are  in  non-Federal  ownership.    The  initial  50-plus  miles  of  right-of- 
way,  westerly  from  the  Colony  plant  site,  across  the  top  of  the  Roan  Plateau, 
and  down  to  East  Salt  Creek,  are  mostly  Federally  owned. 

Colony  Development  Operation  proposes  to  construct  a  16-inch  underground 
pipeline  from  its  proposed  plant  site  on  the  Dow  property  at  Parachute  Creek, 
Colorado,  to  Lisbon  Valley,  Utah  (8)  .    The  route  selected  by  Colony  is 
194  miles  in  length,  and  its  relative  location  is  shown  in  Figure  II-2. 

The  pipeline  would  deliver  approximately  50,000  barrels  per  day  of  low- 
sulfur  fuel  oil  from  the  Colony  plant  to  an  existing  crude  oil  gathering 
station  in  Lisbon  Valley  owned  by  Union  Oil  Company  of  California.    Table 
11-27  gives  Colony's  description  of  the  physical  properties  of  the  product. 

TABLE  11-27 
CHARACTERISTICS  OF  HYDROTREATED  SHALE  OIL   (9) 

Gravity0  API  Approx.44°F 

Specific  Gravity  0 .  805  @  60°  F 

Viscosity  5  Cp  @  50°  F 

Pour  Point  50°  -  60°  F 

RVP  6 . 6  psig 
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SHALE  OIL  PIPELINE 

Pipeline  construction  techniques  and  methodology  are  well- developed  and 
proven.    La  Sal's  pipeline  proposal  incorporates  no  unique  design  features 
and  anticipates  the  use  of  standard  pipeline  construction  techniques.    Discrete 
sequential  pipeline  construction  activities  will  include:    centerline  staking 
and  right-of-way  boundary  delineation;  clearing  of  the  pipeline  trench  line  and 
construction  of  access  to  and  along  right-of-way;   stringing  pipe  -  delivery 
of  pipe  to  the  right-of-way;  ditching  -  excavation  of  that  section  needed  to 
bury  pipeline;  bending  and  laying  -  fitting,  both  horizontally  and  vertically, 
the  pipeline  to  the  landform;  welding  -  the  actual  joining  of  the  pipe  segments 
into  a  pipeline;  coating  and  wrapping  -  pipeline  is  cleaned,  primed  and 
coated  prior  to  wrapping;  lowering  and  backfilling  -  after  the  pipeline 
integrity  has  been  confirmed  it  is  lowered  into  the  excavation  and  buried. 

The  crossing  of  the  Colorado  River  will  be  done  by  using  well  points  and 
dewatering  method .    This  method  consists  of  building  a  cofferdam  around 
the  right-of-way  halfway  across  the  river  while  the  flow  of  the  river  is 
diverted.    The  ditch  along  the  right-of-way  will  be  dug  by  draglines.    Well 
points  will  be  used  to  keep  the  ditch  dry  while  the  pipe  is  being  laid  in  the 
open  ditch.    After  the  pipe  has  been  laid,  the  ditch  will  be  backfilled  and  the 
balance  of  the  crossing  will  be  completed  using  a  cofferdam  and  well  points 
in  the  same  manner  on  the  opposite  side  of  the  river . 

A  tabulation  of  pipeline  characteristics  is  given  in  Table  11-29. 

Proposed  installation  of  safety  valves,  monitoring  devices  and  procedures, 
and  rehabilitation  and  maintenance  practices  are  treated  in  Chapter  V  . 
The  Oil  Spill  Contingency  Plan  is  included  as  Appendix  1  of  this  FES . 

The  oil  would  be  stored  in  a  new  floating  roof  tank  of  120,  000  barrel  capacity 
pending  transfer  to  Union's  existing  10-inch  crude  oil  pipeline.    Design  of 
the  pipeline  is  sufficient  to  accommodate  150,000  barrels  of  throughput  per 
day  by  adding  additional  pumping  units.    Delivery  of  150,  000  barrels  of  oil 
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TABLE  11-28 
PIPELINE  CHARACTERISTICS   (a)    (9) 


SECTION      OUTSIDE  WALL  WORKING      CUMULATIVE 

LENGTH    DIAMETER     THICKNESS   PRESSURE  LENGTH 

SECTION  LOCATION      (MILES)       (INCHES)  (INCHES)         (psi)    (b)  (MILES) 


Lisbon  Terminal 

to  Moab 

32.8 

16.000 

0.375 

1755 

32.8 

Moab  to  Colorado 

River 

2.2 

16.000 

0.406 

1900 

35.0 

Colorado  River 

Crossing 

3.8 

16.000 

0.5000 

2340 

38.8 

Colorado  River  to 

North  End 

Moab  Canyon 

4.7 

16.000 

0.406 

1900 

43.5 

North  End  Moab 
Canyon  to  North 
End  Arches  National 
Park  30.5  16.000  0.375  1755  74.0 

North  End  Arches 
National  Park  to 
East  Salt  Creek 
Canyon  71.0  16.000  0.406  1900  145.0 

East  Salt  Creek 
Canyon  to  Para- 

Facility  49.0  16.000  0.250  1170  194.0 

(a)  Pipe  specifications  -  Grade  X-52    (API  Standard  5  LX)  . 

(b)  Maximum  allowable  working  pressure  for  oil  based  on  72%  of  yield 
strength. 

NOTE:    This  table  is  subject  to  change  depending  upon  final  route  profile 
and  length. 
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to  Lisbon  Valley  would  necessitate  looping  or  replacement  of  Union's  10-inch 
line  to  its  junction  with  a  major  interstate  pipeline  system  at  Aneth,  Utah, 
about  72  miles  to  the  south.    A  line  profile  and  valve  placement  is  shown  in 
Figure  15  of  the  Oil  Spill  Contingency  Plan,  which  is  Appendix  1  of  this  FES . 

Some  of  the  steps  in  pipeline  construction  are  shown  in  Figures  11-38  through 
11-41.    The  amount  of  disturbance  associated  with  pipeline  construction  is 
graphically  portrayed  in  Figures  11-39  and  11-40. 

INDUCED  POPULATION  FROM  THE  PROPOSED  ACTION 

The  construction  and  operation  of  the  Colony  project  will  cause  increased 
population  in  the  Colorado  River  valley  between  Grand  Junction  and  Glenwood 
Springs.    Total  employment  generated  by  Colony  operations  is  shown  in 
Table  11-29.    Several  urbanization  patterns  are  possible  as  a  result  of  the 
increased  population  induced  by  Colony's  proposed  oil  shale  operations  and 
are  listed  below.    The  actual  ultimate  distribution  pattern  will  be  a  function 
of  the  type  and  degree  of  control  exerted  by  Colony  and  state  and  local 
governmental  authorities  over  community  development. 

-  Pattern  I:    Distributed  Growth.    This  plan  assumes  that  it  is  desirable 
to  distribute  urbanization  over  as  wide  an  area  as  is  possible  in  order 
to  minimize  problems  created  at  any  one  point.    It  is  assumed  that  30 
percent  of  the  induced  population  would  be  distributed  to  Grand  Junction 
and  Glenwood  Springs,  30  percent  to  a  very  low  density  development  in 
Battlement  Mesa,  30  percent  into  Rifle,  and  10  percent  into  the  present 
expanded  village  of  Grand  Valley. 

-  Pattern  II:    Local  Growth  With  Minimal  Modification  of  Present  Pattern . 
Under  this  policy  it  is  assumed  that  induced  population  would  be  dis- 
tributed as  follows:     20  percent  to  a  mixed  development  in  the  town  of 
Grand  Valley  (this  mixed  development  would  include  a  heavy  commer- 
cial and  industrial  component) ;   40  percent  to  subdivisions  created  on 
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FIGURE  11-38 


Pipeline  casing  being  installed  under  roadway  prior  to 
placement  of  pipeline. 
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INDUCED  POPULATION 


FIGURE  11-39. 


Bending  and  Laying.    The  pipeline  must  conform  to  the 
terrain  and  fit  the  ditch  both  horizontally  and  vertically. 
All  pipe  bends  would  be  made  in  the  field  except  special 
bends  predesigned  for  use  in  special  areas. 
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FIGURE  11-40. 


Coating  and  Wrapping.    After  welding  and  prior  to  lowering, 
pipe  must  be  cleaned,  primed,  and  coated. 
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INDUCED  POPULATION 
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FIGURE  11-41. 


Backfilling  .    After  lowering  and  backfilling ,  the  landscape 
begins  to  assume  its  preconstruction  configuration. 
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TABLE  11-29 
TOTAL  EMPLOYMENT  GENERATED  BY  COLONY  OPERATIONS 


(10) 


MONTH 


CONSTRUCTION 


MINE   &  PLANT 


INDIRECT 


TOTAL 


1 

200 

0 

20 

220 

4 

600 

0 

100 

700 

7 

1,100 

0 

250 

1,350 

10 

950 

50 

220 

1,220 

13 

1,500 

70 

489 

2,059 

16 

2,350 

110 

687 

3,147 

19 

2,400 

140 

718 

3,258 

22 

2,400 

180 

746 

3,326 

25 

2,400 

220 

774 

3,394 

28 

2,300 

370 

896 

3,566 

31 

1,800 

520 

916 

3,236 

34 

900 

670 

856 

2,426 

37 

400 

820 

876 

2,096 

40 

100 

900 

910 

1,910 

43 

0 

1,040 

1,012 

2,052 

46 

0 

1,040 

1,012 

2,052 

49 

0 

1,040 

1,012 

2,052 

ASSUMED 

ANNUAL  EMPLOYMENT 

YEAR 

CONSTRUCTION 

MINE  &  PLANT 

INDIRECT 

TOTAL 

1    (1976) 

1,500 

70 

489 

2,059 

2    (1977) 

2,400 

220 

774 

3,394 

3    (1978) 

400 

820 

876 

2,096 

4    (1979) 

0 

1,040 

1,012 

2,052 
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INDUCED  POPULATION 

Battlement  Mesa;    10  percent  to  the  various  river  bottom  subdivisions; 
15  percent  to  Grand  Junction  and  Glenwood  Springs;   15  percent  to  Rifle. 

-  Pattern  III:    Local  Growth  With  Modified  Pattern  and  Partial  Control . 
This  policy  increases  the  percentage  of  the  population  to  be  handled 
locally  in  the  Grand  Valley  area  from  60  percent  to  75  percent.    Seventy- 
five  percent  of  the  induced  population  would  be  handled  in  new  sub- 
divisions in  neighborhood  pattern  developments  on  the  various  Grand 
Valley  mesas. 

-  Pattern  IV:    Local  Growth  Within  A  New  Urban  Structure.    It  is  assumed 
that  most  people  will  reside  in  Grand  Valley  if  appropriate  facilities  and 
environmental  conditions  were  available.    A  new  town  would  be  created 
with  its  town  center  located  in  close  relationship  to  its  surrounding 
neighborhoods,  all  in  the  vicinity  of  Battlement  Mesa  south  of  the 
Colorado  River  near  Grand  Valley.    The  new  town  would  include  motels, 
shopping  centers,  schools,  etc.    It  is  assumed  in  this  plan  that  the  town 
of  Grand  Valley  itself  will  not  be  a  desirable  location  for  induced  popula- 
tion due  to  the  traffic  and  other  adverse  environmental  conditions  which 
will  occur  with  the  full  development  of  Parachute  Creek  industrial 
potentials. 

-  Pattern  V:  A  Diversified  New  Town.  This  plan  is  similar  to  the  patterns 
of  local  growth  population  in  Pattern  IV  but  assumes,  in  addition,  that 
the  development  of  a  new  community  such  as  contemplated  here  should 
have  a  more  diverse  economic  base  than  sole  dependency  on  the  oil  shale 
or  associated  industries.  The  population  distribution  under  this  plan  is, 
therefore,  130  percent  of  the  induced  industrial  population  located  in  the 
general  vicinity  of  Grand  Valley. 

The  induced  population  will  increase  traffic  volumes  not  only  on  Interstate  70 
between  Grand  Junction  and  Glenwood  Springs,  but  also  on  the  Parachute 
Creek  road  and,  during  construction,  along  the  pipeline  route. 
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PROPOSED  ACTION 

Table  11-30  shows  a  breakdown  of  housing  and  vehicle  emissions  as  a  result  of 
each  growth  pattern  listed  above.    Tables  11-31  and  11-32  give  projected 
average  traffic  volumes  for  Parachute  Creek  and  their  emissions .    Some 
emission  factors  for  fugitive  dust  generation  are  given  in  Table  11-33 . 

PROJECT  INTERRELATIONSHIPS 

In  addition  to  the  proposed  action  there  will  be  numerous  energy  developments 
in  the  same  region.    The  vast  energy  resources  for  part  of  Colorado  are 
shown  in  Figure  11-42. 

The  four  Federal  Prototype  Oil  Shale  Lease  Tracts  are  within  a  60-mile  radius 
of  the  Colony  property.    Within  the  same  radius  are  dozens  of  producing  oil 
and  gas  fields  and  several  coal  mining  operations.    The  huge  coal  reserves 
and  mine/power  plant  complexes  near  Craig,  Colorado,  are  within  100  miles 
of  the  Colony  property.    The  relative  locations  of  these  resources  and 
development  proposals  are  shown  in  Figure  11-43. 

Occidental  Oil  Shale,   Inc.  is  actively  engaged  in  a  pilot  oil  shale  operation 
investigating  a  modified  in-situ  process  on  a  4,360  acre  patented  tract  in 
the  Roan  Creek  drainage  west  of  Parachute  Creek.     Commercial  production 
would  require  practically  no  water,   produce  surplus  electric  power  and 
require  surface  disposal  of  raw  oil  shale  only.     An  improved  road  has  been 
constructed  to  the  site  along  a  right-of-way  granted  by  the  BLM.     Public 
Service  Company  of  Colorado  has  constructed  a  powerline  across  Federal 
and  private  land  to  the  site.     A  pipeline  about  2,000  feet  long  carries  oil 
along  a  right-of-way  granted  by  the  BLM  to  a  loading  dock  on  the  all- 
weather  road.     Several  hundred  barrels  of  oil  per  day  are  produced  when 
research  retorting  operations  are  underway  and  are  transported  to  a 
refinery.     Occidental  has  been  granted  several  Special  Land  Use  Permits 
for  drill  hole  sites  relative  to  their  environmental  program. 

Under  a  lease  approved  by  the  President  of  the  United  States  in  May,    1972, 
Paraho  undertook  in  cooperation  with  the  Federal  Government,  to  demonstrate 

11-101 


PROJECT  INTERRELATIONSHIPS 


TABLE  11-30 

HOUSING  EMISSIONS,  Qh   (GRAMS-SECOND-1)   AND  VEHICLE  EMISSIONS, 

Qa   (GRAMS -SECOND"1)   FOR  FIVE  URBANIZATION  PATTERNS  DURING  THE 

OIL  SHALE  OPERATION  PHASE  (II) 

HOUSING  EMISSIONS,   Q, 


URBAN 

GLENWOOD 

GRAND 

BATTLEMENT 

GRAND 

PATTERN 

POLLUTANT 

RIFLE 

SPRINGS 

JUNCTION 

MESA 

VALLEY 

I 

HC    (a) 

_ 

_ 

_ 

. 

CO    (b) 

.00038 

.00012 

.0050 

.0002 

.0002 

NO      (c) 

.046 

.0175 

.052 

.023 

.024 

Particulates   (c) 

.017 

.0064 

.0187 

.0084 

.0084 

S02   (c) 

.00038 

.00012 

.0050 

.0002 

.0022 

II 

HC 

- 

- 

- 

- 

_ 

CO 

.0008 

.00015 

.00030 

.0006 

.0002 

NO 

.096 

.0087 

.026 

.057 

.024 

Particulates 

.032 

.0031 

.0094 

.020 

.0008 

so2 

.0008 

.00015 

.00030 

.0006 

.0002 

hi 

HC 

- 

- 

- 

- 

. 

CO 

.0004 

.0001 

.0004 

.0014 

.0002 

NO 

.046 

.0092 

.036 

.139 

.023 

Particulates 

.0168 

.0034 

.0134 

.0504 

.0084 

so2 

.0004 

.0001 

.0004 

.0014 

.0002 

rv 

HC 

. 

_ 

_ 

. 

_ 

CO 

.0003 

0 

.0002 

.0018 

.0002 

NO 

.0216 

.0048 

.020 

.182 

.023 

Particulates 

.0080 

.0016 

.0072 

.067 

.0084 

so2 

.0003 

0 

.0002 

.0018 

.0002 

V 

HC 

_ 

. 

_ 

- 

- 

CO 

.0003 

0 

.0002 

.0024 

.0002 

NO 

.0216 

.0048 

.020 

.255 

.023 

Particulates 

.0059 

.0016 

.0072 

.092 

.0084 

so2 

.0003 

0 

.0002 

.0024 

.0002 

VEHICLE  EMISSIONS,   Q  = 


III 


IV 


HC    (a) 

0.146 

0.053 

0.513 

CO    (b) 

2.45 

0.888 

8.64 

NO      (c) 

0.034 

0.012 

0.123 

Particulates   (c) 

0.008 

0.003 

0.029 

S02   (c) 

0.006 

0.002 

0.023 

HC 

0.282 

0.027 

0.240 

CO 

4.75 

0.460 

4.05 

NO 

0.068 

0.006 

0.058 

Particulates 

0.016 

0.002 

0.014 

so2 

0.012 

0.001 

0.011 

HC 

0.064 

0.046 

0.465 

CO 

1.07 

0.797 

7.80 

NO 

0.015 

0.011 

0.110 

Particulates 

0.004 

0.002 

0.026 

so2 

0.003 

0.002 

0.020 

HC 

0.035 

0.027 

0.260 

CO 

0.582 

0.460 

4.05 

NO 

0.009 

0.006 

0.058 

Particulates 

0.002 

0.002 

0.014 

so2 

0.002 

0.001 

0.011 

HC 

0.031 

0.024 

0.213 

CO 

0.521 

0.398 

3.57 

NO 

0.007 

0.006 

0.050 

Particulates 

0.002 

0.001 

0.012 

SO, 

0.001 

0.001 

0.009 

0.093 

1.60 

0.023 

0.005 

0.004 

0.230 

3.81 

0.054 

0.013 

0.010 

0.658 
11.1 
0.156 
0.037 
0.029 

0.486 

8.18 

0.115 

0.027 

0.021 

0.651 
11.0 
0.155 
0.037 
0.028 


0.046 

0.797 

0.011 

0.0026 

0.0020 

0.044 

0.735 

0.011 

0.0026 

0.0020 

(d) 
(d) 
(d) 
(d) 
(d) 

(d) 
(d) 
(d) 
(d) 
(d) 

(d) 
(d) 
(d) 
(d) 
(d) 


(a)  3-Hour   (6-9  A.M.) 

(b)  Max  8-Hour 

(c)  24-Hour 

(d)  Combined  with  Battlement  Mesa 
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TABLE  11-31 

PROJECTED  AVERAGE  AUTOMOBILE,  BUS,  AND  TRUCK  VOLUMES 

FOR  PARACHUTE  CREEK  DURING  THE  PEAK  OPERATION  PHASE   (YEAR  4)    (12) 

Volumes   (Vehicles/Hour) 


INTERVAL 


ALL 
AUTO 


ALL 
BUS 


TRUCKS 


80%  AUTO  80%     BUS 

20%     BUS  20%  AUTO 

AUTOS    BUSES    AUTOS    BUSES 


6-9  A.M. 

110 

5.3 

15 

97 

2.3 

33 

Max.    8-hour 

44 

2.1 

11 

37 

0.9 

12 

24-hour 

36 

1.7 

6.2 

31 

0.8 

11 

3.3 

1.9 
1.5 


TABLE  11-32 

PROJECTED  TOTAL  EMISSIONS  IN  PARACHUTE  CREEK 

DURING  THE  PEAK  OPERATION  PHASE   (YEAR  4)  (12) 

Total  Vehicle  Emissions,  Q  (Grams/Second) 


POLLUTANT      ALL  AUTO 


ALL  BUS 


TRUCKS 


80%  AUTO 
20%  BUS 


80%     BUS 
20%  AUTO 


HC 

(a) 

1.44 

0.095 

0.269 

1.32 

0.494 

CO 

(b) 

5.09 

0.243 

1.27 

4.38 

1.61 

NO 
x 

(c) 

0.368 

0.095 

0.345 

0.362 

0.196 

Part. 

(c) 

0.074 

- 

- 

0.063 

0.022 

SO? 

(c) 

0.057 

- 

- 

0.049 

0.017 

(a) 

3-hour 

(6: 

00  -  9: 

00 

A 

.M.) 

(b) 

8-hour 

(c)    24-hour 


TABLE  11-33 
EMISSION  FACTORS  FOR  TWO  CATEGORIES  OF  FUGITIVE  DUST  GENERATION   (13) 


SOURCE  CATEGORY 


EMISSION  FACTOR 


Unpaved  Roads 
Construction 


0.8  lb /vehicle  mile  traveled  (a) 

1 . 2  tons/acre  of  active 
construction/month 


(a)    Includes  haul  trucks  and  light  duty  vehicles. 
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the  engineering,  economic  and  environmental  feasibility  and  desirability  of 
its  process  and  hardware  for  retorting  oil  shale.    The  lease  covers  the  Anvil 
Points  Oil  Shale  Research  Facilities  located  on  the  Naval  Oil  Shale  Reserves 
near  Rifle,  Colorado. 

Late  in  1973  arrangements  were  completed  by  Paraho  with  17  private  participants 
to  fund  the  conduct  of  the  oil  shale  program  by  Paraho's  subsidiary,  Paraho 
Oil  Shale  Demonstration,  Inc.    Another  subsidiary,  Development  Engineering, 
Inc  . ,  became  the  Operator  . 

Paraho  successfully  completed  its  oil  shale  retorting  demonstration  in  mid-1976. 
During  the  demonstration,  10,000  barrels  of  crude  shale  oil  were  produced 
during  a  56-day  run. 

Union  Oil  Company  has  announced  plans  to  develop  a  commerical  operation 
of  about  the  same  type  and  scale  as  the  Colony  proposal  on  adjacent  private 
property.    A  water  intake  from  the  Colorado  River  was  completed  in  the 
summer  of  1974. 

Superior  Oil  Company  plans  to  develop  a  combination  oil  shale-nahcolite- 
dawsonite  operation  on  the  northern  edge  of  the  Piceance  Creek  Basin.    The 
scale  would  be  similar  to  Colony  and  Union  but  employment  would  be  less. 
Substantial  quantities  of  nahcolite  and  dawsonite  would  be  recovered  from 
the  ore  and  all  processed  shale  would  be  backfilled  into  the  mine  voids. 
Superior  proposes  to  mine  the  ore  without  disturbing  the  large  zone  of  saline 
water  in  the  Piceance  Creek  Basin.    Superior  Oil  Company  has  a  field  office 
in  Meeker  near  the  development  site  and  is  actively  engaged  in  the  pre- 
development  engineering  and  negotiations  on  land  exchange. 

Table  11-34  shows  the  various  acreages  of  oil  shale  owned  by  private  companies 
which  could  be  developed.    Figure  11-44  shows  locations  of  private  companies. 

All  of  the  above-mentioned  facilities  are  still  in  research  and  developement 
stages .    Only  Colony  has  announced  full-scale  commercial  production  .    All 
applications,  other  than  Colony's,  for  rights-of-way  and  special  land  use 
permits  have  been  for  the  implementation  of  research  and  development. 
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TABLE  11-34 
ESTIMATED  PRIVATE  OWNERSHIP  OF  OIL  SHALE  MINERAL  RIGHTS    (14) 

Piceance  Creek  Basin 

Rio  Blanco  &  Garfield  Counties,  Colorado 

March  1974 


NAME  OF  COMPANY 


ESTIMATED 
ACRES 


Atlantic  Richfield  Company 

Bell  Petroleum  Company 

Cities  Service  Petroleum  Company 

Colony  Development  Operation 

Continental  Oil  Company 

Equity  Oil  Company 

Exxon 

Getty  Oil  Company 

Gulf  Oil  Corporation 

Kerogen  Oil  Company 

Mobil  Oil  Corporation 

Savage,  John 

Shale,   D.A.,  Inc. 

Shell  Oil  Company 

Sohio  Petroleum  Company 

Standard  Oil  of  California 

Standard  of  Indiana    (AMOCO  Production  Company) 

Superior  Oil  of  California 

Tenneco 

Texaco,   Inc. 

Union  Oil  of  California 

Virginia  Colorado  Development  Company 

Whatley,   William  J. 


17, 

000 

1, 

000 

12, 

000 

8, 

500 

10, 

500 

4, 

000 

10, 

000 

23, 

500 

3, 

500 

2, 

500 

22, 

500 

2, 

500 

4, 

000 

4, 

500 

11, 

000 

40, 

500 

2, 

790 

6, 

500 

4, 

,500 

14, 

,500 

33, 

,000 

2, 

000 

2, 

000 

Estimated  Total  Acres  Mineral  Rights 


243,000 
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FIGURE  11-44 
PRIVATE  OWNERSHIP  OF  OIL  SHALE  MINERAL  RIGHTS     (14) 
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Colony's  plans  are  to  produce  50,  000  barrels  of  oil  per  day.    The  proposed 
pipeline  is  capable  of  carrying  150,  000  barrels  of  oil  per  day.    It  is  possible 
that  two  other  50,000  barrels  per  day  plants  could  ship  their  products  through 
Colony's  pipeline.    The  possible  oil  shale  projects  that  might  utilize  Colony's 
pipeline,  by  connecting  lines  to  the  150,000  bbl/day  proposed  project,  are: 
Federal  Oil  Shale  Tract  C-b  -  12  miles;  Union  Oil  -  6  miles;  Occidental  Oil 
Shale  -  16  miles;  and,  Paraho  -  16  miles.    None  of  the  participants  in  these 
projects  have  announced  any  intention  to  transport  commercial  quantities  of 
shale  oil  by  means  of  the  La  Sal  pipeline  or  to  construct  connecting  pipelines. 
The  necessity  for  connecting  pipelines,  and/or  other  rights-of-way  and  special 
land  use  permits  on  national  resource  lands,  could  be  a  major  Federal  action. 
This  could  warrant  a  separate  site  specific  Environmental  Impact  Statement  to 
assess  the  impacts  on  the  environment  for  the  particular  Federal  action. 

The  pipeline  route  proposed  by  Colony  is  considered  as  a  corridor  which 
could  be  used  for  other  pipelines  that  may  be  needed  to  transport  petroleum 
products. 

There  are  presently  8  active  producing  coal  mines  in  the  northwestern  area  of 
Colorado.    These  mines  produced  approximately  2.8  million  tons  of  coal  in  1973. 

About  90  percent  of  the  coal  production  is  from  the  4  surface  coal  mines  opera- 
ting in  the  Mt.  Harris/Oak  Creek  areas  of  Routt  County.    Essentially,  all  the 
surface  mined  coal  is  used  for  electric-power  generation.    A  small  part  was 
used  commercially  in  sugar  plants  and  for  other  minor  uses. 

Underground  mines  are  operating  at  Oak  Creek  in  Routt  County,  about  81 
miles  southeast  of  Craig  and  at  Axial  in  Moffat  County,  and  about  9  miles 
north  of  Meeker  in  Rio  Blanco  County.    Underground  mined  coal  is  used  for 
various  purposes  -  electric  power  generation,  commercial  heating  processes, 
and  domestic  heating . 

Peabody  Coal  Company  has  submitted  plans  for  the  expansion  of  its  existing 
strip  operations  on  its  existing  lease,  which  amounts  to  5,842  acres. 
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Energy  Minerals  Corporation  has  submitted  two  plans  for  expansion  of  its 
existing  strip  operations  on  its  existing  lease,  which  contains  895  acres. 

Grace  and  Company  has  filed  a  coal  mining  plan  with  USGS  in  anticipation  that 
production  will  begin  in  1975.    Its  operation  will  cover  3,724  acres. 

Utah  International  is  currently  doing  exploration  drilling  on  its  existing  lease. 
It  will  supply  the  coal  for  the  two  Colorado  Ute  power  operations.    The  first 
operation  is  planned  for  1978  -  the  second  in  1979.    Utah  International  estimates 
its  coal  needs  to  be  99  million  tons  for  the  35-year  life  of  the  projects.    This 
amounts  to  approximately  2.8  million  tons  per  year. 

Consolidated  Coal  Company  has  commenced  exploratory  drilling  on  its  existing 
leases  which  contain  9,500  acres. 

MOON  LAKE  ELECTRIC  ASSOCIATION     (15) 

This  company  is  considering  the  development  of  a  mine  mouth  steam  generating 
plant  northeast  of  Rangely,  Colorado.    The  generating  capacity  would  be  in 
the  500-1,000  megawatt  range,  depending  upon  the  acquisition  of  purchase 
guarantees  from  oil  shale  companies  in  Colorado  and  Utah.    At  maximum 
power  output  Moon  Lake  Electric  would  produce  3.7  million  tons  of  coal  from 
both  underground  and  surface  developments  on  issued  Federal  Coal  Leases. 

Pittsburg  Midway  has  submitted  plans  for  the  expansion  of  its  existing  strip 
operations  on  its  existing  1,276  acre  lease. 

Hayden  II  power  plant  expansion  is  in  the  construction  stage.    It's  existing 
capacity  of  250  megawats  will  be  increased  to  630  megawatts. 

Utah  International's  Colorado  Ute  Power  Station  is  in  the  construction  stage. 
This  power  station  site  will  be  south  of  Craig,  Colorado  along  the  Williams 
Fork  River,    The  station  will  consist  of  two  380  megawatt  plants. 
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Juniper  Dam  is  in  the  planning  stage.  More  planning  is  scheduled  for 
Fiscal  Year  1977.  The  dam  will  store  879,000  acre-feet  of  water  when 
completed . 

Savory  Pothook  Dam  is  in  the  preconstruciton  phase.    It  planned  for 
construction  on  the  89,000  acre-foot  storage  dam  to  begin  in  Fiscal  Year  1977. 
A  draft  EIS  has  been  completed . 

The  BLM  has  recently  issued  a  Draft  Environmental  Statement  on  coal 
production  in  the  northwest  region  of  Colorado.    This  statement  addresses 
four  site-specific  coal  lease  applications  and  gives  a  regional  analysis  of  coal 
development.    The  statement  is  entitled  Northwest  Colorado  Coal. 

White  River  power  station  is  in  the  preconstruction  planning  stage.    The  engi- 
neering drilling  has  been  completed .    There  is  pressure  for  construction  due 
to  oil  shale  development.    This  station  will  generate  500  megawatts  of  power. 

The  Department  of  the  Interior  has  issued  four  preference  right  sodium  leases, 
containing  9,678  acres,  in  the  Piceance  Creek  Basin.    The  leases  are  within 
3  miles  of  oil  shale  lease  C-a  and  about  10  miles  from  oil  shale  lease  C-b.    The 
lessee  is  conducting  economic,  mining,  processing,  and  market  studies  pre- 
requisite to  development  of  the  leases. 

Superior  Oil  Company  proposes  to  produce  nahcolite  and  dawsonite  in  its 
private  land  oil  shale  development  near  the  mouth  of  Piceance  Creek. 

As  the  use  of  coal  increases,  the  development  of  nahcolite  can  be  expected 
to  increase  for  its  use  as  a  stack  scrubber  in  pollution  control .    The  production 
of  dawsonite  and  its  associated  aluminum  would  reduce  national  dependency 
on  imported  aluminum  ore  (bauxite)  .    The  development  of  dawsonite  could 
become  critical,  as  the  United  States  currently  imports  90-95  percent  of  its 
aluminum  ore  (as  bauxite)  . 
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High  demands  are  being  put  on  sand  and  gravel,  especially  in  Rio  Blanco  County 
where  sources  are  scattered  and  in  short  supply.    Rio  Blanco  County,  the  Town 
of  Rangely,  and  several  other  Counties  (Moffat,  Grand,  and  Jackson)  either  have 
permits  or  have  expressed  interest  in  obtaining  permits  to  excavate  or  establish 
pits  on  national  resource  lands.    Those  extractions  would  be  for  public  purposes 
and  would  not  include  supplies  for  minerals  industry  construction. 

Figure  11-45  shows  the  existing  regional  transportation  and  utility  networks 
that  will  be  the  basis  for  serving  any  new  energy  developments . 

A  rather  detailed  analysis  of  the  cumulative  impacts  on  the  environment  of  the 
Federal  leasing  program  can  be  found  in  the  USDI's  Final  Environmental 
Statement  for  Prototype  Oil  Shale  Leasing  Program,  which  was  published 
in  1973. 
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FIGURE  11-45 
REGIONAL  TRANSPORTATION  &  UTILITY  NETWORKS 
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CHAPTER  III 
DESCRIPTION  OF  THE  ENVIRONMENT 

REGIONAL  SETTING 

GEOGRAPHIC  RELATIONSHIPS 

The  proposed  Colony  plant  and  mine  complex  is  on  private  land  near  the 
southern  edge  of  the  Piceance  Creek  (geologic)  Basin  in  Garfield  County, 
Colorado.    The  total  Colony  complex,  including  the  proposed  pipeline,  is 
located  in  three  counties  in  Colorado  and  two  in  Utah. 

For  a  more  comprehensive  discussion  of  the  regional  setting  and  the  relation- 
ship of  this  proposed  project  to  the  Federal  oil  shale  leasing  program,  see  the 
Final  Environmental  Statement  for  Prototype  Oil  Shale  Leasing  Program,    1973 

The  Federal  Government  holds  title  to  about  700,  000  acres  of  oil  shale  in  the 
Piceance  Creek  Basin.  The  four  Federal  prototype  oil  shale  lease  tracts  are 
within  a  60-mile  radius  of  the  Colony  property  (Figure  II- 2)  . 

Colony's  proposed  oil  shale  complex  would  be  located  in  the  upper  canyon  of 
Parachute  Creek  and  on  the  adjacent  Roan  Plateau  .    Grand  Valley,  Colorado, 
approximately  15  miles  down  the  canyon,  is  the  nearest  town  (1)  .    Figure  III- 1 
provides  a  general  view  of  the  valley  area. 

Grand  Valley  (population  270)  is  situated  on  the  north  side  of  the  Colorado 
River  at  the  confluence  of  Parachute  Creek,  which  flows  south  through  the 
middle  of  town.    This  small  community  is  in  Garfield  County,  approximately 
midway  between  Glenwood  Springs  and  Grand  Junction. 

Relative  locations  of  the  proposed  plant-mine  complex  and  pipeline  are 
shown  in  Figures  II- 1  and  II-2.    Detailed  descriptions  of  local  environments 
to  be  affected  are  given  later  in  this  chapter .    The  staging  area  at  Grand 
Valley  is  the  only  portion  of  the  development  that  would  encroach  upon 
existing  human  habitation . 
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FIGURE  III- 1 . 


A  view  southeast  across  the  Colorado  River  valley  with 
Grand  Valley  in  the  center . 


The  Colorado  River  valley  is  the  dominant  natural  feature  within  the  area  of 
influence  of  the  proposed  development.    The  Colorado  River  meanders  through 
this  broad  valley  from  approximately  10  miles  west  of  Glenwood  Springs  to  the 
head  of  DeBeque  Canyon,  about  30  miles  northeast  of  Grand  Junction.    Eleva- 
tions along  the  river  and  floodplain  are  about  5,  000  feet.    South  of  the  river, 
near  Grand  Valley,  terraces  and  alluvial  fans  slope  gently  upward  to  the  base 
of  Battlement  Mesa,  which  rises  abruptly  to  form  the  southern  skyline  of  the 
valley  at  elevations  above  8,000  feet. 
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REGIONAL  SETTING 

Parachute  Creek  and  Roan  Creek,  drain  narrow,  rock  -walled  canyons 
that  extend  northward  for  miles  into  the  Green  River  Formation .    Figures 
III-2  and  III- 3  provide  a  view  of  the  Parachute  Creek  area. 

North  of  the  river,  rocky  and  heavily  eroded  lower  slopes  rise  sharply  to 
meet  steep  talus  slopes  lying  at  the  base  of  cliffs  that  rise  over  1,  000  feet 
in  the  upper  part  of  the  Green  River  Formation.    The  top  of  the  Roan  Plateau 
(8,000  feet  in  elevation)  is  characterized  by  a  rolling  terrain  cut  by  numerous 
drainages  (Figure  III-4)  . 

From  the  mouth  of  Salt  Creek  Canyon  (Figure  III-5)  ,  northwest  of  Grand 
Junction,  to  Moab,  Utah,  the  pipeline  would  cross  nearly  barren,  level 
ground  cut  by  a  well-developed  system  of  dry  washes .    The  proposed  route 
would  pass  north,  west,  and  south  of  Arches  National  Park,  which  contains 
some  of  the  most  spectacular  erosional  features  in  eastern  Utah. 

From  here,  the  pipeline  would  pass  through  other  distinctive  landforms 
which  include  Moab  Canyon,  Colorado  River  and  marsh,  Spanish  Valley, 
and  the  scenic  redrock  canyons  in  the  Kane  Springs  area.    Figure  III-6 
shows  the  adjacent  location  at  the  proposed  pipeline  to  the  El  Paso  pipeline 
in  the  area  of  the  Colorado  River  and  marsh. 

CLIMATE  AND  AIR  QUALITY 

The  climate  of  western  Colorado,  including  the  Roan  Plateau,  Parachute 
Creek  valley,  and  the  proposed  pipeline  route,  is  characterized  by  abun- 
dant sunshine,  with  generally  low  precipitation  and  relative  humidity.    Strong, 
outgoing  terrestrial  radiation  creates  cool  nights.    In  midwinter,  daytime 
temperatures  are  often  low,  but  stong  solar  radiation  and  dry  air  combine 
to  produce  generally  pleasant  weather  (2)  . 

The  climate  of  any  local  area  within  the  region  is  strongly  influenced  by 
features  such  as  slope,  aspect,  elevation,  and  vegetation.    The  local  surface 
wind  patterns  and  vertical  temperature  profiles  are  almost  entirely  dependent 
upon  topography. 
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FIGURE  III-2 .        View  of  the  Middle  Fork  of  Parachute  Creek 


III-4 


REGIONAL  SETTING 


FIGURE  III- 3. 


Looking  north  up  Parachute  Creek  from  its  confluence 
with  the  Colorado  River  at  Grand  Valley  (lower  right) 


FIGURE  III- 4. 


View  of  the  Roan  Plateau  in  the  southern  part  of  the 
Piceance  Creek  Basin.    The  plateau  surface  is  on  the 
Uinta  Formation  and  is  the  intended  site  for  the  oil  shale 
plant  and  the  northern  portion  of  the  pipeline. 
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FIGURE  III- 5. 


View  of  Corral  Canyon  in  the  East  Salt  Creek  drainage 
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FIGURE  III-6. 


View  of  proposed  pipeline  and  El  Paso  Pipeline  in 
vicinity  of  the  Colorado  River  and  marsh  crossing 


III-6 


REGIONAL  SETTING 

Temperatures  of  the  region  are  moderate  during  spring,  summer,  and  fall. 
Maximum  temperatures  in  the  lower  elevations  may  exceed  100°  F  .  during 
midsummer.    Winter  temperatures  may  drop  to  -40    F.    The  number  of 
frost-free  days  varies  from  50  in  the  high  elevations  to  180  in  the  lower  eleva- 
tions  (3)  .    Any  given  site  may  experience  wide  variation  in  the  growing 
season  from  one  year  to  the  next. 


The  predominant  prevailing  wind  direction  aloft  over  the  region  is  from 
the  southwest;   however,  surface  air  movement  patterns  are  more  variable 
because  of  topographic  effects.    Strong  thermal  convection  winds  (updrafts) 
commonly  occur  during  warm  summer  days  along  the  Roan  Cliffs.    Thunder- 
storms, often  the  consequence  of  the  thermal  convection  winds,  are  accompanied 
by  strong,  turbulent  downdrafts. 

The  average  annual  precipitation  over  the  proposed  pipeline  route  varies  from 
about  8  inches  on  the  lower  desert  portions  to  approximately  20  inches  on  top 
of  the  Roan  Plateau.    See  Appendix  2  for  annual  precipitation  and  temperature 
records  for  locations  near  the  proposed  pipeline  route. 

Some  qualitative  and  quantitative  information  is  known  about  air  stagnation 
episodes  in  the  Parachute  Creek  and  Colorado  River  valleys.    The  western 
Colorado  region  lies  at  the  eastern  edge  of  a  large  "episode-prone"  area  that 
extends  to  the  Pacific  Coast.    Furthermore,  Grand  Junction,  Colorado,  experiences 
one  of  the  highest  frequencies  of  inversions  anywhere  in  the  United  States  (4)  . 

The  influence  of  the  solar  regime  on  frequency  and  duration  of  inversions 
is  apparent:     more  numerous  inversions  of  shorter  duration  occur  during 
the  summer  months,  and  longer  lasting  inversions  occur  during  the  winter 
months.    In  summer,  surface  heating  and  convection  are  greater  and  effectively 
disperse  the  stable  layers,  creating  inversions  of  short  duration  that  are 
not  as  well  defined  as  those  occurring  in  winter  .    Inversions  in  the  summer- 
time most  frequently  originate  after  sunset  or  nearer  midnight  as  radiation 
cooling  becomes  effective  in  the  formation  of  stable  layers   (5)  .    In  winter, 
inversions  usually  begin  between  the  late  afternoon  and  early  morning  hours. 
Dissipation  of  inversions  is  generally  related  to  the  time  of  sunrise. 
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Inversion  conditions  may  exist  over  50  percent  of  the  time  in  the  fall  and 
winter  seasons .    A  severe  episode  may  be  expected  to  occur  at  least  once 
a  year  and  may  last  from  three  to  six  days   (2)  .    Less  frequent  inversion 
conditions  would  be  expected  on  mountain  slopes  and  tops. 

Significant  amounts  of  haze  have  been  observed  in  the  Colorado  River  and 
Parachute  Creek  valleys.    Available  data  are  not  sufficient  to  determine 
whether  this  haze  is  attributed  to  smog  or  a  combination  of  suspended 
particulates  and  local  humidity  (6)  .    The  most  noticeable  air  pollution 
is  dust  generated  by  traffic  on  unpaved  roads. 

Local  patterns  of  air  movement  are  important  in  breaking  up  inversions, 
but  there  is  some  evidence  that  air  drainage  down  Roan  Creek  is  some- 
times sufficient  to  block  normal  nightly  flow  down  the  Colorado  River  valley, 
The  resulting  absence  of   flow  down  the  river  could  induce  or  aggravate 
inversion  conditions  up  the  Colorado  River  valley  for  many  miles. 

GEOLOGY  AND  MINERALS 

GREEN  RIVER  FORMATION 

The  Green  River  Formation  is  the  deposit  laid  down  in  the  bottom  of  ancient 
Lake  Uinta  during  Eocene  time,  about  50  million  years  ago.    The  formation, 
up  to  2,  000  feet  thick  in  places,  was  deposited  over  a  period  of  about  10 
million  years.    The  upper  part  of  the  Green  River  Formation  contains  the 
richest  oil  shale  deposits. 

Between  Rifle  and  DeBeque,  Colorado,  the  Colorado  River  has  cut  through 
the  southern  part  of  a  large  topographic  and  structural  basin  known  as  the 
Piceance  Creek  Basin   (Figure  III-7)    (2)  .    The  basin  is  a  large  northwest- 
trending  asymmetrical  downwarp  or  depression  having  a  structural  relief 
of  about  4,  000  feet.    Topographically,  it  is  a  plateau  (a  portion  of  the 
Colorado  Plateau  physiographic  province)  that  lies  from  1,000  to  more  than 
4,  000  feet  above  the  surrounding  lowlands. 
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FIGURE  III- 7 
GENERAL  LOCATION  OF  THE  PICEANCE  CREEK  BASIN   (2) 


Erosion  after  the  deposition  of  the  Green  River  Formation  has  exposed  oil 
shale  beds  in  the  Roan  Cliffs  to  the  north  of  the  Colorado  River.    The  cliffs, 
about  1,  000  feet  high,  are  formed  mainly  in  the  Parachute  Creek  Member  of 
the  Green  River  Formation,  which  is  composed  of  black,  brown,  and  gray 
marlstone,  including  the  principal  oil  shale  units.    Interbedded  with  these 
are  a  few  thin  beds  of  altered  tuff,  analcite,  and  chert.    The  richer  oil 
shale  or  marlstone  units,  being  more  resistant  to  weathering,  form  ledges 
in  the  cliffs  -  notably  the  Mahogany  ledge  (Figure  III-8)  ,  so  called  because 
of  its  resemblance  to  mahogany  when  polished . 
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GREEN    RIVER    FORMATION 


FIGURE  III- 8 
IDEALIZED  CROSS  SECTION  OF  THE  PICEANCE  CREEK  BASIN   (2) 


The  sediments  of  the  Green  River  Formation  are  now  preserved  in  the  Piceance 
Creek  Basin,  which  has  an  areal  extent  roughly  equivalent  to  ancient  Lake 
Uinta.    In  the  southern  part  of  the  basin,  where  the  proposed  development  exists, 
the  beds  dip  gently  to  the  north  or  east  except  where  modified  by  local  structures, 

Although  there  are  essentially  no  faults  in  the  Piceance  Creek  Basin,  the 
brittle  sediments  of  the  Parachute  Creek  Member  of  the  Green  River 
Formation  and  the  more  massive  sandstone  beds  of  the  Uinta  Formation 
exhibit  prominent  joint  and  fracture  patterns.    The  joints  and  fractures 
are  best  developed  near  the  edges  of  the  Piceance  Creek  Basin,  where  the 
sediments  of  the  Green  River  and  Uinta  Formations  are  exposed  in  cliffs  (as 
in  the  area  of  the  proposed  development  by  Colony)  . 
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Oil  shale  is  not,  geologically  speaking,  a  shale  and  it  contains  virtually  no 
oil.    It  is  a  sedimentary  rock  containing  organic  matter  called  kerogen  which 
yields  substantial  amounts  of  synthetic  crude  and  hydrocarbon  gas  when 
heated .    Although  oil  shale  had  a  beginning  like  conventional  petroleum, 
when  organic  material  was  deposited  in  large,  ancient  lakes,  these  deposits 
were  not  subjected  to  the  heat  and  pressure  necessary  to  form  petroleum. 
Instead,  the  organic  material  was  transformed  into  a  solid  hydrocarbon  and 
locked  in  a  marlstone  matrix.    When  the  kerogen  is  heated  to  a  temperature 
of  approximately  900  F  . ,  it  decomposes  to  yield  hydrocarbon  gases  and 
liquids.    Oil  shale,  therefore,  should  be  technically  defined  as  a  marlstone- 
type  inorganic  material  mixed  with  a  three-dimensional  organic  polymer 
known  as  kerogen.    The  kerogen  forms  the  continuous  phase  with  the 
inorganic  components  buried  in  the  kerogen .    Oil  shale  differs  from  most 
other  naturally  occurring  hydrocarbon  sources  in  that  it  is  only  slightly 
soluble  in  conventional  hydrocarbon  solvents.    Solvent  extraction  of  oil 
shale  under  normal  conditions  yields  only  about  one  weight  percent  of  a 
soluble  organic  material  called  bitumen .    A  typical  mineral  analysis  of  raw 
shale  and  a  chemical  analysis  of  kerogen  are  presented  in  Tables  III- 1  and 
III- 2,. respectively   (2)  . 

TABLE  III-l 
MINERALS  ANALYSIS  OF  RAW  SHALE    (2) 

COMPONENT  WEIGHT  PERCENT 

Dolomite  32 

Calcite  16 

Quartz  15 

Illlte  19 

Albite  10 

Microcline  6 

Pyrite  1 

Analcite  1 


100 
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TABLE  III-2 
CHEMICAL  ANALYSIS  OF   KEROGEN    (2) 


ORGANIC  COMPONENT, 

COMPONENT  PERCENT  BY  WEIGHT 

Carbon  80.52  +  0.40 

Hydrogen  10.30  +  0.08 

Nitrogen  2.39  +  0.10 

Sulfur  1.04+0.08 

Oxygen  5.75  +  0.49 


Large  areas  within  the  states  of  Colorado,  Utah,  and  Wyoming  contain  rich 
oil  shale  in  the  Green  River  Formation  (Figure  III-9)  .    These  deposits  of 
oil  shale  underlie  25,  000  square  miles  of  which  17,000  square  miles 
(11  million  acres)  are  believed  to  contain  oil  shale  deposits  having  potential 
value  for  commercial  development.    The  USGS  has  estimated  that  the  total 
oil  shale  reserve  of  the  Green  River  Formation  is  more  than  600  billion  barrels 
of  oil  in  deposits  at  least  10  feet  thick,  averaging  25  or  more  gallons  of  oil 
per  ton  of  shale.    The  Department  of  the  Interior  has  estimated  that  80  billion 
barrels  of  this  reserve  are  recoverable  by  modern  mining  methods. 

Eighty  billion  barrels  are  approximately  twice  the  known  present  domestic 
crude  oil  reserves  in  the  United  States,  exclusive  of  Alaska.    To  put  this  in 
some  perspective,  the  United  States,  since  the  Civil  War,  has  produced 
about  100  billion  barrels  of  petroleum   (2)  . 

The  saline  minerals  -  nahcolite  (sodium  bicarbonate)  and  halite  (common 
salt)  -  are  concentrated  with  oil  shale  in  the  northern  part  of  the  Piceance 
Creek  Basin,  near  its  depositional  center   (Figure  111-10)  . 

Dawsonite  (a  carbonate  of  sodium  and  aluminum)  is  also  a  constituent  of 

the  oil  shale  over  a  substantial  portion  of  the  Piceance  Creek  Basin  (Figure  III-ll) 
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FIGURE  III- 9 

EXTENT  OF  THE  GREEN  RIVER  FORMATION 

IN  COLORADO,  UTAH,  AND  WYOMING   (2) 
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GREEN   RIVER    FORMATION 


PRE-  GREEN    RIVER   ROCKS 


THE   THICKNESS,  IN   FEET,  OF  NAHCOLITE  -  BEARING  OIL  SHALE   IS  SHOWN    BY  CONTOUR   LINES.      THE 
DISTRIBUTION  OF  HALITE    BEARING    ROCKS   IS  SHOWN  BY   DIAGONAL   LINES. 

FIGURE  III- 10 

THICKNESS  OF  NAHCOLITE-BEARING  OIL  SHALE 

IN  THE  NORTHERN  PART  OF  THE  PICEANCE  CREEK  BASIN   (3) 
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GREEN    RIVER   FORMATION  PRE -GREEN   RIVER   ROCKS 

FIGURE  III- 11 

THICKNESS  OF  DAWSONITE-BEARING  OIL  SHALE 

IN  THE  NORTHERN  PART  OF  PICEANCE  CREEK  BASIN   (3) 
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PIPELINE  ROUTE  -  SURFACE  GEOLOGY 

Part  of  the  northern  section  of  the  proposed  pipeline  is  located  on  the  Roan 
Plateau,  which  has  flanks  and  a  crest  composed  of  a  series  of  generally 
north-to-northeastward  dipping  shales  and  minor  sandstones  of  the  Uinta 
and  Green  River  Formations.    These  formations  are  underlain  by  the  Wasatch 
Formation  and  Mesaverde  Group,  both  of  which  include  sandstone  and  shale. 
The  steep-sloped  canyons  of  the  East  Salt  Creek  valley,  drain  the  plateau.    They 
have  been  eroded  primarily  into  the  Wasatch  and  Mesaverde  beds,  but  head 
in  mostly  shale  of  the  Uinta  and  Green  River  Formations.    Generally,  the 
shale  of  these  formations  is  mantled  by  slope  wash  and  residual  soils  that 
are  primarily  clays  and  sandy  clays;   however,  many  of  the  more  massive, 
well-lithified  sandstone  beds  form  prominent  ledges  on  the  valley  slopes. 

The  Grand  Valley  sector  of  the  alignment  is  underlain  almost  wholely  by  the 
northeast-to-northwest  dipping  Mancos  Shale.    Generally,  this  shale  is 
moderately  well-lithified,  thin-bedded  to  fissile  and  tends  to  erode  and  weather 
readily.    As  a  result,  outcrops  are  rare  because  the  shale  is  mantled  by 
clays  and  sandy  clays  derived  as  residual  and  slopewash  soils.    These  soils, 
in  turn,  are  capped  locally  by  river  terrace  remnants  of  clayey  sands  and 
gravels.    The  sedimentary  rock  formations  within  the  Paradox  Basin  along 
the  southern  end  of  the  proposed  route  are  primarily  a  sequence  of  well- 
lithified  sandstones  and  shales  but  also  include  a  few  limestone  units  and  local 
gypsum  and  gypsiferous  shales.    Several  of  these  geologic  formations, 
notably  the  Navajo  and  Wingate  sandstones,  form  massive  cliffs  and  monoliths. 
The  Navajo  Sandstone  constitutes  bedrock  beneath  approximately  the  last 
15  miles  of  the  proposed  route.    Although  rock  outcrops  across  the  Paradox 
Basin  are  often  prominent,  there  has  been  deep  weathering  so  that  soil 
deposits  mantle  the  rock  formations  across  approximately  75  percent  of 
the  proposed  section  of  the  route  between  the  junction  of  U  .S  .  Highways  50 
and  163  and  Lisbon  Valley. 

Alluvial  soils  -  sand  clays,  clayey  sands  and  some  sand  and  gravels  - 
floor  the  main  stream  valleys.    Broad  alluvial  fans  of  similar  soils 
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extend  from  the  mouths  of  the  tributary  valleys  across  the  floor  of  the  main 
valleys.    Figures  III-12a  and  III-12b  show  the  generalized  soils  and  geology 
for  the  entire  pipeline. 

SEISMICITY 

The  entire  Colony  proposal  is  situated  in  Seismic  Risk  Zone  1  (7)  .    The  pipeline 
route  and  its  proximity  to  the  other  seismic  risk  zones  in  the  region  is  shown 
in  Figure  III— 13  . 

Seismic  Risk  Zone  1  is  defined  as  a  zone  susceptible  to  minor  damage  in 
which  distant  earthquakes  may  cause  damage  to  structures  with  funda- 
mental periods  greater  than  1.0  second  corresponding  to  Modified  Mercalli 
(MM)  intensities  V  and  VI. 

The  Modified  Mercalli  Intensity  Scale  includes  twelve  grades  of  intensity  for 
describing  the  effects  of  earthquakes.    Each  grade  is  assigned  a  Roman  numeral 
(8)  .    A  definition  of  this  scale  is  located  in  Appendix  3. 

The  Risk  Zones  are  not  intended  to  predict  frequency  of  occurrence  of  earth- 
quakes, but  rather  to  demarcate  damage  risk  associated  with  the  strain 
release  and  the  relationship  between  geologic  structure  and  tectonics. 

The  seismically  active  area  in  Utah  in  Seismic  Risk  Zone  3  is  part  of  the  belt  of 
seismicity  that  extends  from  the  Gulf  of  California  northward  through  Arizona, 
Utah,  Wyoming,  Montana,  and  Western  British  Columbia.    The  width  of  this 
belt  of  seismicity  is  about  45  to  65  miles;  the  belt  occurs  approximately  100  miles 
west  of  pipeline  mile  120.    Historical  earthquake  records  indicate  that  the 
proposed  pipeline  route  is  not  in  a  seismically  active  area  anywhere  along 
its  course;   however,  several  relatively  small  and  virtually  isolated  earth- 
quakes have  been  reported  in  the  large  region  crossed  by  the  pipeline  route. 
This  region,  consisting  of  parts  of  the  Canyon  Lands  and  Unita  Basin  sections 
of  the  Colorado  Plateau  in  Colorado  and  Utah,  has  been  considered  relatively 
stable  (9). 
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Tgru-    Green    River    and    Uinto    Formations. 

Tw     —    Wasatch  Formation 

Kmv—    Mesaverde    Group  sandstones   and   shales. 

Oay   —  Relatively    young    alluvial   deposits. 

Oco  —    Windblown    sands    and   silts. 

Kms  —  Mancos     Shale. 
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FIGURE  III- 12a 

SOILS   &  GEOLOGY  ALONG  PROPOSED  PIPELINE 

IN  COLORADO    (10) 
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LEGEND  —  GEOLOGY 

Oco  —  Windblown    sands    and   silts. 

Km)  —  Tununk  Shale    Member    of    Mancos   Shale. 

Kfe    — Ferron    sandstone      Member    of    Mancos    Shale. 

Kd      — Dakota    Sandstone 

Kcm  —  Cedar     Mountain    Shale. 

Kms  —Mancos     Shale. 

Oay    —Relatively    young   alluvial    deposits. 

Kbc  — Burro     Canyon    Formation. 

Pcu    — Cutler   Formation,  mainly    sandstone. 

Jmbb  — Brushy     Basin     Member   ot    Morrison   Formation. 

Jmsw— Solt    Wash    Sandstone  ,  Member  of    Morrison  Formation. 

Je        — Entrada     Sandstone. 

JT   K— Kayenta     Sandstone.  KmS 

Jna     — Navajo    Sandstone. 
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FIGURE  III- 12b 


SOILS  &  GEOLOGY  ALONG  PROPOSED  PIPELINE 
IN  UTAH   (10) 
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FIGURE  III- 13 
SEISMIC  RISK  ZONE   BOUNDARIES   &  PROPOSED  PIPELINE    (11) 
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A  preliminary  compilation  of  the  historical  and  instrumental  earthquake 
records  for  the  region  of  the  pipeline  route  has  been  made  for  those  earth- 
quakes that  have  occurred  in  the  area  bounded  by  Longitudes  106    W  to  112    W 
and  Latitudes  36  N  to  42°N .    Within  this  region  all  points  within  100  miles  of 
the  pipeline  route  are  included.    However,  this  area  does  not  encompass  the 
entire  belt  of  seismicity  in  Utah,  along  which  the  majority  of  events  in  the 
region  have  occurred.    Based  on  an  examination  of  the  record,  it  appears  that 
an  earthquake  will  probably  not  exceed  intensity  MM  VII  anywhere  along  the 
pipeline  route  (9)  . 

A  contract  study  for  Colony  concluded  that  there  are  no  active  faults  crossing 
the  proposed  pipeline  route  and  that  displacements  along  the  existing  faults 
have  not  occurred  in  the  recent  past  (Figure  III- 14)  .    Based  on  the  low  level 
of  seismic  activity  in  the  region  of  the  pipeline  route,  it  is  assumed  that  only 
a  remote  possiblity  exists  for  displacements  along  existing  faults  (11)  . 

WATER  RESOURCES 

SURFACE  HYDROLOGY 

Water  Supply.    The  proposed  Colony  mine,  plant  complex,  and  pipeline  are 
situated  within  the  Grand  division  of  the  Upper  Colorado  River  Basin 
(Figure  III- 15)  .    The  physiographic  boundary  of  this  division  of  the  basin  is 
formed  by  the  Green  River,  the  East  Tavaputs  and  the  White  River  Plateaus, 
and  the  Park  Range  to  the  north;  the  Snowy  and  Sawatch  Ranges  to  the  east; 
and  the  San  Juan,  La  Plata,  and  the  Abajo  Mountains  to  the  south.    In  the 
eastern  part  of  the  division,  rivers  and  streams  flow  in  narrow,  deep  canyons 
or  V-shaped  valleys.    In  the  western  portion,  the  valleys  tend  to  broaden 
and  river  velocities  diminish.    The  elevation  range  is  from  3,880  feet  to  over 
14,  000  feet.    Generally,  the  Colorado  River  flows  in  a  southwesterly  direction. 
A  major  portion  of  the  Grand  division  is  drained  by  tributaries  flowing  in  a 
northwesterly  direction  to  their  junction  with  the  Colorado  River   (12)  . 

Water  production  occurs  in  the  form  of  snow  and  rain  throughout  the  area. 
In  the  26,500-square-mile  drainage  of  the  Grand  division,  the  average  annual 
precipitation  over  the  area  amounts  to  28,  648,  300  acre-feet  of  water  per  year . 
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The  long-term  records  show  that  the  annual  flow  for  the  Upper  Colorado  River 
Basin,  computed  at  Lees  Ferry,  near  the  Utah-Arizona  border,  is  14,952,000 
acre-feet  for  the  period  from  1906  to  1973.    This  flow  has  ranged  from 
5.6  million  acre-feet  in  1934  to  over  24.0  million  acre-feet  in  1917.    In 
addition  to  extreme   variability  from  year  to  year,  there  are  multi-year 
periods  of  above  or  below  average  flows  (13)  .    Since  1923  the  average 
annual  virgin  flow  at  Lees  Ferry  has  been  about  13.8  million  acre-feet  (3)  . 

Over  a  period  of  time,  the  mean  flow  of  the  Colorado  River  has  been  decreasing . 
The  division  of  water  between  the  Upper  and  Lower  Basin  states  was  based  on 
an  assumed  mean  flow  of  15,  000,  000  acre-feet.    However,  the  annual  flow 
at  Lees  Ferry,  Arizona  has  been  decreasing.    During  the  period  from  1911  to 
1962  the  flow  of  the  Colorado  River  averaged  12,923,000  acre-feet  per  year   (13A) 
The  reasons  for  this  decrease  have  been  the  object  of  several  investigations  to 
determine  whether  it  is  due  to  general  changes  in  climate  or  increased  man-made 
depletions.    Several  investigators  have  shown  that  stream  flow  data  points  to 
a  general  decrease  in  runoff  for  the  period  of  record . 

The  surface  water  resources  of  the  Upper  Colorado  River  Basin  have  been 
the  subject  of  many  comprehensive  investigations  because  of  the  long  debates 
among  the  Lower  Basin  states  and  between  the  Lower  and  Upper  Basin  states. 
The  Bureau  of  Reclamation  has  estimated  that  an  annual  average  quantity  of 
up  to  5.8  million  acre-feet  is  available  for  Upper  Basin  depletion  (consumption)  . 
This  quality  is  based  on  the  estimated  virgin  runoff  of  the  Colorado  River  at 
Lees  Ferry.    The  commitments  of  the  Colorado  River  Compact  of  1922  and 
the  Mexican  Water  Treaty  of  1944  must  be  subtracted  from  the  virgin 
flows  at  Lees  Ferry.    The  treaty  with  Mexico  allocated  1,  500,  000  acre-feet 
each  year  to  Mexico.    The  Upper  and  Lower  basins  are  presently  supplying 
equal  quantities  of  water  for  satisfaction  of  the  treaty  requirements 
(750,000  acre-feet  each)  .    The  estimate  of  5.8  million  acre-feet  is  further 
based  on  the  provision  of  approximately  26  million  acre-feet  of  active  storage 
capacity  being  available  in  the  Upper  Colorado  Basin  to  carry  water  over  from 
high  water  years  to  meet  the  commitments  of  the  Lower  Colorado  River  Basin 
in  years  of  drought.    It  is  also  realized  that  in  drought  years  there  may  not  be 


111-24 


REGIONAL  SETTING 

sufficient  water  available  at  all  points  of  use  in  the  Upper  Basin  to  meet 
use  requirements.    Therefore,  there  will  be  some  water  shortages  during 
drought  years.    These  shortages  will  generally  be  sustained  by  agricultural 
water  users  because  they  cannot  economically  pay  the  cost  to  provide  enough 
storage  regulation  to  eliminate  all  shortages  in  their  water  supply.    Municipal 
and  industrial  water  users  can  pay  the  cost  of  providing  storage  regulation 
to  eliminate  shortage;  therefore,  in  most  cases,  they  should  have  a  firm  water 
supply  (3)  . 

The  Upper  Colorado  River  Basin  Compact  of  1948  gave  Arizona  the  right  to  the 

consumptive  use  of  the  first  50,000  acre-feet  per  year,  and  the  remaining 

water  is  apportioned  to  the  other  Upper  Basin  states  in  the  following 

percentages  (3) : 

Colorado  51.75 

New  Mexico  11.25 

Utah  23.00 

Wyoming  14.00 

The  allocated  share  of  the  5.8  million  acre-feet  of  depletion  for  the  three  oil 

shale  states  would  be,  in  acre-feet  (3): 

Colorado  2,976,000 

Utah  1,322,000 

Wyoming  805,000 

Present  Depletions  (13)  .    The  present  (1974)  level  of  depletions  from  the 
Upper  Colorado  River  Basin  above  Lees  Ferry  totals  3, 187,000  acre-feet.    Main 
stem  reservoir  evaporation  was  computed  to  be  520,000  acre-feet,  so  the 
present  utilization  totals  3,707,000  acre-feet.    Depletions  include  all  the 
average  annual  man-caused  on-site  uses  within  the  Upper  Basin  for  agricul- 
ture, municipal,  industrial,  fish  and  wildlife,  recreation,  and  net  export  of 
water  above  Lees  Ferry,  together  with  evaporation  from  reservoirs  associated 
with  these  functions.    Colorado's  portion  of  the  1974  depletions  is 
2, 124,  000  acre-feet  and  is  shown  by  use  in  Table  III- 3. 
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TABLE  III-3 
ESTIMATED  WATER  RESOURCES  DEPLETION  FOR   1974  (13) 

ON-SITE  DEPLETION    (ACRE-FEET) 
TYPE  OF  USE  COLORADO 

Municipal  and  Industrial 

Thermal  Powerplants 

Minerals  and  Mining 

Fish,   Wildlife,  and  Recreation 

Stockpond  Evaporation  and 
Livestock  Use 

Subtotal 
Irrigation 
Exports 
Mainstream  Reservoir  Losses 

Grand  Total 


Projection  for  Future  Use.    The  projections  are  for  these  depletions  to 
increase.    As  much  as  955,  000  acre-feet  of  water  has  already  been  committed 
to  future  use  in  Colorado  through  various  planned  and  authorized  reclama- 
tion and  water  projects  (3)  .    There  are  some  waters  now  in  storage  that  may 
be  available  for  planned  oil  shale  developments.    Two  of  the  reservoirs  in 
the  area  of  the  proposed  development  are  discussed  below: 

-  Green  Mountain  Reservoir.    This  reservoir,  a  feature  of  the  Colorado 
River-Big  Thompson  Project,  is  located  on  the  Blue  River  approximately 
12  miles  south  of  the  river's  confluence  with  the  Colorado  River.    It  has 
a  capacity  of  154,645  acre-feet,  all  for  use  on  the  western  slope.    This 
capacity  includes  52,  000  acre-feet  for  replacement  in  western  Colorado 
of  water  diverted  by  the  Colorado-Big  Thompson  Project.    The  remaining 
102,645  acre-feet  is  for  power  purposes  and  is  available  to  supply 
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existing  and  future  irrigation  and  domestic  purposes.    Approximately 
50,300  acre-feet  are  not  presently  available  for  sale  as  there  is  an  active 
slide  within  the  reservoir  basin  and  the  Bureau  of  Reclamation,  which 
operates  the  reservoir,  is  reluctant  to  permit  further  drawdown  of  the 
reservoir  until  the  potential  effects  of  the  slide  can  be  further  evaluated . 

Proposed  options  for  use  of  Green  Mountain  Reservoir  water  include 
7,  200  acre-feet  for  Atlantic  Richfield  Company  and  18,  000  acre-feet 
for  Carter  Oil  Company.     There  has  been  no  commitment  of  any  of  this 
water  to  the  development  of  Oil  Shale  Tracts  C-a  or  C-b.    The  remaining 
capacity  in  the  reservoir  is  covered  by  rights  for  existing  irrigation 
projects,  including  5,  000  acre-feet  for  the  Silt  Project  and  an  average 
annual  19,500  acre-feet  for  the  Grand  Valley  Project.    Due  to  variables 
which  will  require  additional  studies  the  amount  of  annual  yield  from  Green 
Mountain  Reservoir  has  not  been  determined. 

The  United  States  owns  a  decree  dated  August,  1935,  covering  the  152,000 
acre-feet  of  storage  in  Green  Mountain  Reservoir. 

Ruedi  Reservoir.    This  reservoir,  a  feature  of  the  Fryingpan-Arkansas 
Project,  is  located  on  the  Fryingpan  River  approximately  30  miles  south- 
east of  Glenwood  Springs.    It  has  an  active  conservation  storage  capacity 
of  101,280  acre-feet.    Present  estimates  indicate  that  at  least  34,700 
acre-feet  of  water  could  be  available  from  this  reservoir  for  oil  shale 
development.    Ruedi  has  an  average  annual  yield  of  75,000  acre-feet. 

Gulf  Mineral  Resources  Company,  representing  Gulf  Oil  Corporation 
and  Standard  Oil  Company  of  Indiana,  is  presently  negotiating  for 
30,000  acre-feet  of  water  from  Ruedi  Reservoir  for  use  in  1980.    No 
contract  has  been  executed . 

The  Colorado  River  Water  Conservation  District  owns  a  conditional 
decree  with  a  priority  date  of  July  29,   1957,  covering  102,  370  acre- 
feet  of  storage  in  Ruedi  Reservoir   (14)  . 
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Water  Rights   (13)  .    The  basic  requirements  for  establishment  of  a  Colorado 
Water  Right  include  the  division  of  a  specified  amount  from  a  body  of  water  at 
a  specific  point  and  the  application  of  that  water  to  a  beneficial  use.    The 
other  critical  component  is  the  time  of  priority.    This  is  generally  the  time 
when  the  project  was  conceived,  provided  the  project  works  are  constructed 
and  application  to  beneficial  use  is  accomplished  with  due  diligence.    The 
requirement  of  "due  diligence"  has  generally  been  liberally  interpreted. 

Colorado  law  has  two  types  of  water  decrees  -  absolute  and  conditional . 
Absolute  decrees  are  issued  when  all  project  works  have  been  completed  and 
all  other  prerequisites  to  the  granting  of  the  right  have  been  accomplished. 
Conditional  decrees  are  issued  on  the  basis  of  plans.    There  is  no  time  limit 
on  converting  conditional  decrees  to  absolute  decrees  aside  from  the  require- 
ment of  due  diligence. 

SUBSURFACE  HYDROLOGY   (3) 

Ground  water  resources  within  the  oil  shale  areas  are  less  well  known  than 
the  surface  water  resources  but  are  believed  to  be  of  significant  quantities 
only  within  the  Piceance  Creek  Basin,  Colorado. 

The  Green  River  Formation  is  the  best  potential  source  of  ground  water  in 
the  Piceance  Creek  Basin .    The  leached  and  fractured  zones  of  the  Parachute 
Creek  Member  and  the  Uinta  Formation  are  aquifers  and  contain  water  under 
artesian  pressure  in  most  of  the  area.    There  are  many  flowing  wells  and  the 
maximum  depth  to  water  is  about  200  feet  in  the  upper  aquifer.    The  depth 
to  water  may  be  as  much  as  500  feet  in  the  deeper  aquifer.    The  Garden  Gulch 
Member,  the  high  resistivity  zone  in  the  Parachute  Creek  Member,  and  the 
Mahogany  zone  in  the  Parachute  Creek  Member  have  very  low  permeabilities. 
Fractures  in  the  Mahogany  zone  permit  water  to  move  between  aquifers  in 
some  areas  (Figure  111-16)  .    The  leached  zone  and  its  lateral  equivalent  contain 
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FIGURE  III- 16 


DIAGRAMMATIC  SECTION  OF  PICEANCE  CREEK  BASIN   (3) 

water  in  fractures  and  solution  cavities  and  are  considered  the  principal 
bedrock  aquifer  in  the  Piceance  Creek  Basin  because  they  have  the  greatest 
areal  extent,  permeability,  and  storage  capacity.    This  aquifer  may  contain 
as  much  as  25  million  acre-feet  of  water  in  storage  in  the  630-square-mile 
drainage  area  of  Piceance  and  Yellow  creeks. 

Alluvium  is  a  source  of  ground  water  along  the  Piceance,  Yellow,  Roan,  and 
Parachute  creeks.    The  alluvial  aquifer  is  capable  of  storing  and  transmitting 
more  water  per  unit  volume  than  any  other  aquifer  in  the  basin.    However, 
the  areal  extent  and  volume  of  the  deposits  is  small  compared  to  that  of  the 
bedrock  aquifers.    The  alluvium  is  confined  to  belts  less  than  a  mile  wide 
along  the  creeks.    Along  the  major  drainages,  the  alluvium  ranges  from 
0-  to  140-feet  thick  and  the  saturated  thickness  may  be  as  much  as  100  feet 
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in  a  few  places .    The  depth  to  water  in  the  alluvium  generally  is  less  than 
40  feet.    Water  in  the  alluvium  occurs  under  both  water  table  and  artesian 
conditions .    The  permeability  of  the  clay  is  much  less  than  that  of  the  sand 
and  gravel,  and  where  it  confines  water  in  underlying  sand  and  gravel  under 
enough  pressure,  water  flows  to  the  land  surface  when  tapped  by  a  well. 

Ground  water  in  the  Green  River  Formation  is  recharged  around  the  margins 
of  the  basin  by  direct  infiltration  of  precipitation  on  outcrops  of  the  aquifers 
and  by  downward  percolation  of  water  from  narrow  alluvial  deposits  in  the 
higher  stream  valleys.    The  water  moves  downdip  toward  the  central  part 
of  the  basin,  and  is  discharged  through  springs  and  seeps  into  the  lower  parts 
of  the  principal  stream  valleys,  as  shown  in  the  diagrammatic  section  across 
the  Piceance  Creek  Basin  (Figure  III- 16)  . 

The  alluvial  aquifer  is  recharged  by  precipitation,  applied  surface  water, 
streams,  and  infiltration  from  the  Green  River  Formation.    The  aquifer 
discharges  to  streams,  springs,  wells,  and  the  atmosphere  by  evapotran- 
spiration . 

Tests  indicate  that  the  potential  yield  of  wells  tapping  fractures  in  the 
Mahogany  zone  of  the  Parachute  Creek  Member  is  much  less  than  that  of  the 
leached  zone.    Test  wells  penetrating  the  Uinta  Formation  in  the  north-central 
part  of  the  basin  yield  300  gpm  or  less .    The  yield  of  wells  that  tap  the 
alluvium  varies  widely  from  place  to  place,  according  to  variations  in  lithology 
of  the  alluvium  at  the  well  and  proximity  of  the  well  to  hydrologic  boundaries. 
Initial  yields  from  properly  located,  developed,  and  constructed  wells  are 
estimated  to  be  as  much  as  2,000  gpm. 

Ground  water  could  present  a  serious  problem  to  underground  mining  in 
the  Piceance  Creek  Basin.    On  the  other  hand,  ground  water  could  be  a 
significant  part  of  the  water  supply  for  initial  oil  shale  development. 
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Water  wells  are  widely  scattered  in  the  Piceance  Creek  Basin.    Except  for 
two  or  three  irrigation  wells,  the  alluvial  aquifer  is  used  for  watering  livestock 
and  wildlife.    Numerous  springs  throughout  the  basin  also  supply  water 
for  livestock  and  wildlife. 

WATER  QUALITY   (3) 

Surface  Water .    Surface  waters  of  the  Colorado  River  are  becoming  more 
saline.    The  salinity  control  problem  extends  to  the  Republic  of  Mexico  and 
has  become  an  important  aspect  in  our  international  relations  with  that  nation . 

The  average  annual  salinity  concentration  of  the  Colorado  River  at 
Imperial  Dam  (Arizona-California  line)  during  the  period  1941  to  1970 
(most  recently  published  data)  was  757  mg/1.    The  annual  salinity  concen- 
trations during  this  same  period  ranged  from  a  minimum  of  649  mg/1  in  1949 
to  a  maximum  of  918  mg/1  in  1956.    The  monthly  salinity  concentrations  of 
the  Colorado  River  at  Imperial  Dam  during  the  period  1941  to  1970  experienced 
an  even  wider  range,  from  a  minimum  of  551  mg/1  in  December  1952,  to  a 
maximum  of  1,000  mg/1  in  January  1957.    It  is  apparent  that  salinity 
concentration  is  in  an  upward  trend  and  that  there  is  a  great  deal  of 
fluctuation  in  its  concentration  . 

Calculations  of  salinity  concentrations  present  in  the  lower  Colorado  River 
give  different  levels  for  different  periods.  .    As  indicated  above,  the  average 
for  one  year  was  greater  than  the  average  level  during  the  period  1941  to  1970. 
The  peak  monthly  concentration  is  even  greater  than  the  level  for  a  year. 

At  the  headwaters  of  the  Colorado  River  on  the  continental  divide  near  the 
north  edge  of  Rocky  Mountain  National  Park  on  the  slope  of  13,  000  foot  Mt . 
Richthofen,  the  average  salinity  of  the  river  is  less  than  50  mg/1;   the 
concentration  increases  downstream  to  Imperial  Dam  where  its  present 
concentration  level  is  850  mg/1.    A  projection  of  future  salinity  levels 
without  a  control  program  suggests  that  values  of  1,200  mg/1  or  more  could 
occur  at  ImperialDam  by  the  year  2000. 
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Some  sections  of  the  river  are  heavy  salt-loaders,  and  irrigation  water 
returning  to  the  stream  is  often  saline  and  sediment-loaded.    Table  III— 4 
presents  modified  salinity  concentrations  and  future  (year  2000  or  later) 
projected  conditions  for  some  typical  stream  locations  in  the  Upper  Colorado 
River  Basin.    Present  modified  refers  to  the  historic  conditions  (1941-1970) 
modified  to  reflect  all  upstream  existing  projects  in  operation  for  the  full 
1941-1970  period. 

TABLE  III-4 
INCREASE  IN  SALINITY  OF  THE  COLORADO  RIVER 
FOR  PRESENT  MODIFIED  AND  FUTURE  PROJECTED  CONDITIONS   (3) 

Concentration  in  mg/1 


Stream 


Mean  Annual 

Flow  Present      Future 

(1000  Acre-Feet)      Modified     Projected 


Green  River  at  Green  River,  Utah 

4,558 

473 

537 

Colorado  River  near  Glenwood 

Springs,  Colorado 

1,738 

310 

379 

Colorado  River  near  Cisco,  Utah 

7,639 

662 

817 

San  Juan  River  near  Bluff,  Utah 

2,028 

471 

906 

Colorado  River  at  Lees  Ferry, 

Arizona 

12,710 

609 

767 

Although  salinity  is  considered  the  most  serious  water  quality  problem,  other 
potential  problems  are  added  municipal  wastes,  industrial  wastes,  dissolved 
oxygen  content,  temperature,  heavy  metals,  toxic  materials,  and  bacteria. 
Whereas  water  quality  is  not  critical  in  the  Upper  Basin,  the  quality  in  the 
Lower  Basin  and  in  Mexico  is  seriously  degraded  by  reuse,  which  adds  and 
concentrates  salts  in  the  water. 
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Ground  water .    The  dissolved  solids  concentration  of  ground  water  in  the 
Green  River  Formation  ranges  from  250  to  63,000  mg/1.    Water  near  the  edges 
of  the  basin  contains  less  than  2,000  mg/1  dissolved  solids  and  the  dominant 
ions  are  calcium,  magnesium,  and  bicarbonate.    About  halfway  between  the 
edges  of  the  basin  and  its  center,  dissolved  solids  are  about  the  same  as  at 
the  edges,  but  the  dominant  ions  are  sodium  and  bicarbonate.    Near  the  center 
of  the  basin,  the  water  has  dissolved  considerable  amounts  of  saline  minerals 
and  the  dissolved  solids  average  25,000  mg/1,  and  the  principal  constituents 
are  sodium  and  bicarbonate.    In  the  same  area,  chloride  concentrations 
range  between  500  and  2,  500  mg/1 .    Water  in  the  Parachute  Creek  Member  and 
water  in  the  Uinta  Formation  are  chemically  similar  in  the  higher  parts  of  the 
basin.    However,  in  the  lower  parts  of  the  basin,  water  in  the  Parachute 
Creek  Member  becomes  highly  mineralized  from  contact  with  the  saline 
minerals . 

The  dissolved  solids  concentration  of  water  in  the  alluvium  ranges  from  250 
to  25,  000  mg/1.    Water  in  alluvium  in  the  upper  reaches  of  the  major  drainages 
contains  less  than  700  mg/1  dissolved  solids.     In  general,  the  principal  ions 
in  the  alluvial  water  are  calcium,  magnesium,  sodium,  and  bicarbonate. 
The  dissolved  solids  concentration  increases  downstream.    The  dissolved 
solids  concentration  is  about  700  mg/1  at  Cow  Creek  and  2,500  mg/1  at 
Dry  Fork.    Below  Dry  Fork,  the  concentration  increases  to  8,300  mg/1  and 
sodium  becomes  the  dominant  cation.    These  changes  occur  by  solution  and 
ion  exchange  and  reflect  the  change  in  nature  of  the  bedrock  underlying 
the  alluvium  and  the  contribution  of  water  by  seepage  from  the  bedrock 
in  the  lower  reach  of  the  creek.    Above  Dry  Fork  the  alluvium  is  underlain 
by  the  Uinta  Formation,  and  below  by  the  Parachute  Creek  Member.    Water 
in  the  alluvium  in  Yellow  Creek  appears  to  be  within  the  range  in  compo- 
sition and  concentration  of  the  water  in  the  alluvium  of  Piceance  Creek. 
Dominant  ions  in  the  water  in  the  alluvium  of  Roan  and  Parachute  creeks 
are  calcium,  magnesium,  sodium,  bicarbonate,  and  sulfate.    The  dissolved 
solids  concentration  of  the  water  is  as  much  as  7,  200  mg/1 .    The  alluvium 
of  Roan  and  Parachute  creeks  contains  some  gypsum  which  was  derived 
from  the  Wasatch  Formation. 
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RECREATION  RESOURCES 

Recreation  resources  are  discussed  on  a  regional  basis  for  those  counties 
that  could  be  in  the  influence  zone  of  the  population  induced  by  the  proposed 
development.    These  counties  are  Garfield,  Mesa,  Rio  Blanco,  Eagle,  and 
Pitkin  in  Colorado;  Grand  and  San  Juan  in  Utah  (Figure  III- 17)  . 

ZOOLOGICAL 

Hunting  .    The  area  most  affected  by  the  proposed  development  (Parachute 
Creek)  is  located  in  Game  Management  Unit  Number  32.    Estimates  of  the 
Colorado  Division  of  Wildlife  indicate  that  from  2,200  to  6,500  deer  could  be 
harvested  annually,  depending  on  reproduction  success  and  over-winter 
survival  (15)  . 

Annual  harvests  over  the  last  fifteen  years  (1960-1974)  have  ranged  from 
as  many  as  7,596  total  deer  killed  (1962)  to  as  few  as  464  (1974)  with  the 
number  of  kills  per  square  mile  ranging  from  19.2  in  1962  to  1.5  in  1969. 
The  number  of  hunters  in  the  area  during  this  same  period  ranged  from 
4,532  in  1962  to  864  in  1971   (16)  . 

Elk  are  also  hunted  within  this  game  management  unit,  but  the  number  of 
elk  and  elk  hunters  is  much  smaller.    For  example,  in  1974,  25  elk  were 
killed  by  325  hunters  as  opposed  to  464  deer  killed  by  1,317  deer  hunters   (16)  . 
Two  other  big  game  species,  black  bear  and  mountain  lion,  are  hunted  to  some 
degree.    Two  bear  were  taken  in  1972,  one  bear  in  1974,  and  one  lion  in  both 
1972  and  1973. 

Table  III- 5  shows  big  game  harvest  for  five  Colorado  counties  (16)  .    In 
addition  to  big  game  hunting,  several  species  of  small  game  mammals  (cotton- 
tail rabbit,  white-tailed  jackrabbit)  ,  upland  game  birds   (chukar  partridge, 
sage  grouse,  blue  grouse)  ,  and  numerous  waterfowl  species  are  hunted. 
Predatory  mammalian  species  (coyote  and  bobcat)  are  also  hunted  to  some 
degree.    Of  these,  coyotes  probably  receive  the  greatest  hunting  pressure. 
Table  III-6  shows  the  number  of  animals  harvested  and  the  total  number  of 
recreation  days  in  the  five-county  area  for  1974. 
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TABLE  III-5 
BIG  GAME  HARVEST  BY  COUNTY    (1974)     (16) 


BLACK 

MOUNTAIN 

COUNTY 

DEER 

ELK 

BEAR 

LION 

Eagle 

3,906 

982 

5 

0 

Garfield 

3,990 

1,975 

16 

11 

Mesa 

6,024 

890 

33 

0 

Pitkin 

626 

475 

2 

0 

Rio  Blanco 

4,627 

2,860 

5 

5 

TOTALS 

19,173 

7,182 

61 

16 

TABLE  III- 6 

NUMBER  OF  ANIMALS  HARVESTED  AND  RECREATION  DAYS 

FOR  FIVE-COUNTY  AREA,    1974    (16) 


ANIMALS 

DAYS/ANIMAL 

TOTAL  RECREA 

SPECIES 

HARVESTED 

HARVESTED 

TION  DAYS 

Deer 

19,173 

11 

210,903 

Elk 

7,182 

26 

186,732 

Black  Bear 

61 

- 

10,547 

Mountain  Lion 

16 

16 

272 

TOTALS 

26,432 

408,454 

Hunting  of  mule  deer  is  popular  in  southeastern  Utah,   along  with  limited 
hunting  of  elk,   black  bear,   and  mountain  lion.     Waterfowl  hunting  is  conduc- 
ted along  the  Colorado  River  and  the  Moab  Marsh.     Mourning  dove  is  the 
prevalent  game  bird  with  some  turkey,   chukar  partridge,   sage,   and  ruffed 
grouse  hunted. 


Fishing .     Fishing  in  the  Parachute  Creek  area  is  limited  to  Parachute  Creek  and 
its  tributaries  and  to  several  small  ponds  located  on  the  plateau .     Tributaries 
of  Parachute  Creek  on  the  Roan  Plateau  that  contain  fish  are  as  follows: 
Northwater  Creek;    Trapper  Creek,  Middle  Fork  and  East  Middle  Fork;    First 
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and  Second  Anvil  creeks;    and  the  West  Fork  of  Parachute  Creek.     Popular 
trout  fishing  streams  in  the  surrounding  areas  include  the  upper  Colorado 
and  Roaring  Fork,   Fryingpan,   and  White  rivers.     There  are  a  large  number 
of  lakes  and  reservoirs  which  provide  very  good  fishing .     Some  of  the 
more  popular  ones  include  Rifle  Gap  Reservoir,   Ruedi  Reservoir,  Vega 
Reservoir,   Trappers  Lake,   Lake  Avery,   and  the  200  or  more  lakes  and 
reservoirs  on  Grand  Mesa. 

In  Utah,   catfish  are  the  main  fish  taken  from  the  Colorado  River,   from 
the  lower  reaches  of  Mill  Creek,   and  in  Kane  Springs  Canyon.     In  the 
upper  reaches  of  Mill  Creek  and  other  streams  in  the  Manti-La  Sal  Forest, 
rainbow  and  brown  trout  are  taken.   Bass  fishing  is  popular  at  Lake  Powell 
in  southern  San  Juan  County. 

Sight-seeing .     There  is  good  opportunity  for  viewing  mule  deer  on  their 
summer  range  on  the  Roan  Plateau  and  especially  on  the  Naval  Oil  Shale  Reserve, 
Deer  can  be  observed  on  their  winter  range  in  the  Parachute  Creek  canyon  and 
surrounding  low  elevation  canyons  and  valleys  of  Colorado  and  Utah. 

The  main  wildlife  species  that  the  majority  of  the  visitors  will  see  are  the 
nongame  birds  and  mammals.  A  list  of  the  majority  of  these  species  is  found 
in  Appendix  4. 

Elk  are  often  seen  in  the  winter  and  early  spring  around  Glenwood  Springs, 
Meeker,   and  Mesa. 

Bighorn  sheep  can  be  observed  on  the  Clinetop  area  during  the  winter  and 
in  Canyonlands  National  Park. 

Small  herds  of  pronghorn  antelope  can  often  be  seen  in  the  desert  areas 
around  Cisco,  Utah. 

There  is  opportunity  to  view  wild  horses  as  approximately  150  roam  the 
Book  Cliffs  northeast  of  Grand  Junction  in  Mesa  County  and  approximately 
240  roam  the  Piceance  Creek  Basin  in  Rio  Blanco  County. 
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Small  herds  of  bison  can  be  observed  at  Island  Acres  State  Park,  Rifle  Gap 
State  Park,  Colorado  National  Monument,  and  on  private  land  in  Kannah  Creek. 

Prairie  dog  towns  occur  along  the  Colorado  River  valley  floor  in  Colorado 
and  Utah. 

Golden  eagles  are  commonly  seen  and  in  the  winter  the  northern  bald  eagle 
is  regularly  observed  along  the  Colorado  River  from  DeBeque  Canyon  to 
Newcastle,  Colorado. 

Waterfowl  and  other  water  birds  can  be  viewed  along  the  Colorado  River  and 
at  various  lakes  including  the  Highline  Lake  refuge  west  of  Grand  Junction, 
Colorado,  and  the  marsh  at  Moab,  Utah. 

GEOLOGICAL 

Sight-seeing .    There  are  outstanding  opportunities  to  view  geologic  formations 
in  the  oil  shale  country  as  well  as  all  other  mountain  areas  of  the  nearby  Rocky 
Mountains .    The  canyon  of  the  East  Middle  Fork  of  Parachute  Creek  on  the 
Dow  West  property  provides  a  good  opportunity  to  study  the  various  rock 
units  which  contain  oil  shale.    The  vertical  cliffs  along  the  Naval  Oil  Shale 
Reserve  are  popular  viewing  objects  for  travelers  on  U.S.  Highway  6  and  24. 

Part  of  the  Grand  Hogback  is  situated  east  of  Government  Creek  and  extends 
across  the  Colorado  River  near  New  Castle,  Colorado.    This  monoclinal 
structure  forms  part  of  the  eastern  boundary  of  the  Colorado  Plateau 
physiographic  province.    Interesting  lava-capped  mesas  include  the  Flat 
Tops  in  Rio  Blanco  and  Garfield  counties  and  Grand  Mesa,  reputed  to  be  the 
world's  largest  flat-top  mountain,  located  in  Mesa  and  Delta  counties. 
Outstanding  mountain  peaks  exist  in  Pitkin  County  and  include  the  highly 
scenic  Mt.  Sopris  and  the  14,  000  foot  Maroon  Bells.    In  addition  to  Parachute 
Creek  canyon,  other  highly  scenic  canyons  in  Garfield  and  Mesa  counties 
include  Glenwood  Canyon,  DeBeque  Canyon,  and  Ruby  Canyon,  all  of  which 
occur  along  the  Colorado  River.    Unaweep  Canyon  and  the  Dolores  River 
Canyon  in  Mesa  County  are  very  interesting  geologic  examples  as  well  as  the 
colorful  sandstone  canyons  and  formations  of  the  Colorado  National  Monument 
near  Grand  Junction. 
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Southeastern  Utah  offers  outstanding  geological  phenomena  to  the  viewer . 
Arches  National  Park,  a  few  miles  to  the  north  and  east  of  the  pipeline  route 
near  Moab,  has  approximately  90  natural  arches,  more  than  any  other  section 
of  the  country.    Wilson  Arch  and  Looking  Glass  Rock  are  near  Highway  163  south 
of  La  Sal  Junction.    The  rugged  formations  of  the  Canyonlands  National  Park 
lie  about  20  miles  to  the  southwest  of  Moab.    Other  interesting  structures 
and  erosional  formations  include  Fisher  Towers,  the  Salt  Valley  Anticline, 
the  Moab  Fault,  the  escarpment  along  Spanish  Valley,  and  Casa  Colorado 
Rock.    The  La  Sal  Mountains  and  Abajo  (Blue)  Mountains  tower  over  the 
surrounding  desert  near  Moab  and  Monticello. 

Collecting .    Mineral  collecting  and  rock  hounding  are  popular  pastimes  in 
Western  Colorado  and  Eastern  Utah. 

Mountaineering  .    Although  high  and  vertical,  the  cliffs  of  the  oil  shale  areas 
are  too  unstable  for  rock  climbing.    Mountaineering  is  very  popular,  however, 
in  the  rugged  mountain  areas  of  the  Maroon  Bells-Snowmass  Wilderness  area 
in  Pitkin  County . 

BOTANICAL 

Viewing .    Mountain  wild  flowers  in  the  early  part  of  the  summer  provide 
interesting  viewing  for  visitors  to  the  high  mountain  meadows. 

The  desert  areas  often  become  alive  with  carpets  of  wild  flowers  during  moist 
periods  in  the  spring  . 

Fruit  blossoms  on  orchards  in  the  Colorado  River  valley,  especially  around 
Palisade,  are  of  special  interest  to  sightseers  in  the  spring. 

Fall  is  the  outstanding  time  of  the  year  for  botanical  viewing  in  the  Colorado 
and  Utah  mountains.    This  is  when  the  leaves  of  the  aspen  trees  turn  to  bright 
golds  and  reds,  along  with  the  russet  colors  of  oak  brush  and  other  shrubs. 
This  annual  display  of  color  usually  reaches  its  peak  in  late  September  and 
attracts  sightseers  in  large  numbers  from  all  over  the  states. 
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Collecting .    Some  natural  dried  vegetation  is  collected  for  art  projects  or 
scientific  plant  identification  studies.    The  colorful  aspen  and  oak  leaves  are 
popular  items  for  collection . 

WATER  BASE 

The  Colorado,  White,  Gunnison,  Eagle,  and  Roaring  Fork  rivers  in  Colorado 
provide  some  opportunity  for  kayaking,  canoeing,  and  floating. 

River  running  is  very  popular  on  the  Colorado  and  Green  rivers  in  Utah's 
Grand  and  San  Juan  counties  (Figure  III- 18)  .    In  1973,  35  applicants  applied 
for  14,075  passenger  days  of  use  in  Westwater  Canyon  on  the  Colorado  River 
in  Utah,  and  4,400  passengers  went  through  Cataract  Canyon  in  Canyonlands 
National  Park.    The  annual  Friendship  Cruise  down  the  Green  River  and  up 
the  Colorado  River  to  Moab,  Utah,  attracts  hundreds  of  participants  in  late 
May. 


FIGURE  111-18.      Float  trip  on  the  Colorado  River 
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Some  of  the  reservoirs  in  the  area  offer  motor  boating  and  water  skiing  oppor- 
tunities.   These  include  Vega,  Ruedi,  Rifle  Gap,  and  Highline  in  Colorado's 
Mesa,  Eagle,  and  Garfield  counties.    The  many  smaller  lakes  including  those 
on  Grand  Mesa  are  used  by  boaters  for  sighing  or  for  pleasure.    The 
186-mile-long  Lake  Powell  in  San  Juan  County,  Utah,  containing  162,000  sur- 
face acres,  is  a  popular  destination  for  boaters  of  the  region. 

Not  many  of  the  lakes  or  rivers  offer  public  swimming  facilities.    Some 
swimming  occurs  at  Highline  Lake  and  Island  Acres  near  Grand  Junction, 
Colorado.    Most  of  the  swimming  occurs  at  municipal  swimming  pools  such 
as  the  world  famous  outdoor  hot  springs  pool  at  Glenwood  Springs,  Colorado. 

WINTER  SPORTS 

Seven  major  ski  areas  are  located  within  100  miles  of  the  Grand  Valley  area. 
These  include  Powder  horn  near  Grand  Junction  in  Mesa  County,  Sunlight 
near  Glenwood  Springs  in  Garfield  County,  Aspen  Highlands,  Aspen 
Mountain,  Buttermilk-Tiehack,  Snowmass  at  Aspen  in  Pitkin  County,  and 
Vail  at  Vail  in  Eagle  County.    Table  III- 7  shows  annual  visitations  to  Colorado 
ski  areas  (17)  .    There  is  only  one  existing  small  ski  area  in  southeastern  Utah. 
This  is  located  in  the  Abajo  (Blue)  Mountains  west  of  Monticello.    Cross- 
country skiing  is  popular  in    many  areas. 

Snowmobiling  has  become  a  fast-growing  sport  and  Grand  Mesa  has  become  one 
of  the  popular  spots  for  this  activity.  Sledding,  tubing,  and  skating  are  other 
winter  activities  which  occur  within  the  region . 
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TABLE  III-7 
NUMBER  OF  VISITS  TO  SKI  AREAS 
EAGLE,    PITKIN,   GARFIELD,   MESA  COUNTIES    (17) 


SKI  AREA 

VISITATION  BY  SEASON 

COUNTY 

1969-70 

1970-71 

1973-74 

Eagle 

Vail 

425,500 

459,000 

673,200 

Pitkin 

Aspen  Mountain 

222.500 

199,500 

327,200 

Aspen  Highlands 

142,600 

208,500 

258,100 

Aspen  Buttermilk 

174,400 

176,000 

174,400 

Snowmass 

333,800 

343,300 

500,500 

Garfield 

Sunlight 

27,300 

30,900 

35,300 

Mesa 

Powder  horn 

45,000 

34,200 

36,300 

TOTALS 

1,371,100 

1,451,400 

2,005,000 

PRIMITIVE  VALUES 

The  White  River  National  Forest  in  Colorado  contains  the  Maroon  Bells-Snow- 
mass  Wilderness  Area,  the  Flat  Tops  Primitive  Area,  and  a  portion  of  the  Gore 
Range-Eagles  Nest  Primitive  Area.    The  total  area  encompasses  approximately 
238,000  acres.    Wilderness  proposals  for  both  primitive  areas  have  been 
presented  to  Congress. 

A  wilderness  recommendation  for  7,700  acres  within  the  Colorado  National 
Monument  was  submitted  by  the  President  to  Congress  for  the  Colorado 
National  Monument  on  February  8,  1976.    No  final  action  has  been  taken. 

In  addition,  public  hearings  have  been  held  on  preliminary  Wilderness 
proposals  for  Arches  and  Canyonland  National  Park.    Final  proposals 
are  being  prepared  for  submission  by  the  President  to  Congress.    This 
involves  approximately  39,690  acres  in  Arches  and  250,  700  acres  in 
Canyonlands . 

The  Colorado  River  from  Loma  to  Dewey  Bridge  is  under  study  for  inclusion 
in  the  Wild  and  Scenic  Rivers  Act. 
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OTHER  ACTIVITIES 


There  are  many  Federal  and  state  camping  and  picnicking  facilities  located 
in  the  seven-county  Colorado  and  Utah  region  that  provide  a  wide  range  of 
recreation  experiences  from  wilderness  camping  to  accommodations  for  travel 
trailers  (Figure  III- 17)  . 

Touring  with  four-wheel  drive  vehicles  is  a  popular  pasttime  as  well  as 
events  and  activities  including  trail  bikes,  motorcycles,  and  dune  buggies. 
A  trail  bike  course  on  the  sandstone  rims  nears  Moab  called  the  "Slick  Rock 
Bike  Trail"  is  maintained  by  BLM . 

FISH  AND  WILDLIFE    (ENDANGERED  SPECIES)     (18) 


Certain  species  of  birds,  animals,  and  fish  on  the  National  and/or  Colorado 
Endangered  Species  Lists  are  known  or  suspected  to  occur  within  the  area  of 
the  Roan  Plateau,  Parachute  Creek  canyon  and  Colorado  River  valley 
(Table  III- 8)    (18)  . 


TABLE  III- 8 
THREATENED  AND  ENDANGERED  SPECIES  OF  PROBABLE  OCCURRENCE 


19) 


SPECIES 


FEDERAL 
CLASSIFICATION 


STATE   (COLORADO) 
CLASSIFICATION 


Peregrin  Falcon 

Black-footed  ferret 

Humpback  Chub 

Colo.  Squawfish 

Colo.  Cutthroat 
Trout 

Humpback  Sucker 

Bonytail  Chub 


Endangered 
Endangered 
Endangered 
Endangered 


Endangered 
Endangered 
Endangered 
Endangered 

Threatened 

Endangered 

Endangered 


The  black-footed  ferret  which  is  on  the  National  List  could  possibly  occur 

in  some  of  the  prairie  dog  towns  in  the  desert  areas  along  the  pipeline  route 

but  no  visual  sightings  have  been  made  in  recent  years. 
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Streams  of  the  Roan  Plateau  contain  the  Colorado  cutthroat  trout  which  is  on 
the  Colorado  List  and  has  been  nominated  for  the  National  List  (Figure  III- 19)  . 

In  the  Colorado  River  there  are  two  nationally  endangered  species,  the  Colorado 
squawfish  and  the  humpback  chub  (Figure  111-19)  .    The  presence  of  the  hump- 
back chub  was  not  verified  until  the  last  week  of  August,  1974.    The 
Division  of  Wildlife  was  able  to  capture  several  specimens  near  Grand  Junction. 
The  squawfish  is  North  America's  largest  minnow  and  may  reach  over  five- 
feet  long  and  100  pounds  in  weight.    The  humpback  sucker  (Figure  III- 19) 
and  the  bonytail  chub  are  considered  endangered  on  the  Colorado  List  com- 
piled by  the  American  Fisheries  Society  in  1973.    These  four  fish  are  found 
in  the  Colorado  River  in  varying  numbers  from  Grand  Valley,  Colorado,  to 
Moab,  Utah  (Figure  111-20)  . 

CULTURAL  VALUES 

HISTORICAL 

The  National  Register  of  Historic  Sites  as  published  in  the  February  19,  1974, 
issue  of  the  Federal  Register  and  subsequent  monthly  supplements  lists  no 
sites  in  Garfield  County,  Colorado,  or  in  the  vicinity  of  the  pipeline  route  in 
Mesa  County,  Colorado,  Grand  and  San  Juan  counties,  Utah.    National  Historic 
Sites  in  the  area  counties  include:    the  Wolcott  Stage  Station  in  Eagle  County; 
Thornburgh  Monument  in  Rio  Blanco  County;   Wheeler  Opera  House,  Independ- 
ence Ghost  Town  and  Mill  Site,  and  Osgood  Castle  in  Pitkin  County;  Desolation 
Canyon  and  Wolfe  Ranch  in  Grand  County. 

No  items  of  historical    interest  were  noted  on  the  Dow  West  property  or 
service  corridor .    One  site  of  local  historic  interest  was  located  just  east 
of  the  staging  grounds  north  of  Grand  Valley.    It  consists  of  a  sandstone  block 
building  about  15  feet  square  which  appears  to  have  been  constructed  in  the 
early  1900's.    It  is  not  considered  worthy  of  nomination  to  the  National  Register. 

The  Laboratory  of  Public  Archaeology  at  C  .S  .U  .  is  planning  on  nominating 
to  the  National  Register,  the  Battlement  Mesa  School  which  lies  just  south  of 
the  Colony  property  in  that  area.    The  building,  constructed  by  a  technique 
that  employed  mud  chinking,  was  probably  built  about  1900. 

111-44 


REGIONAL  SETTING 


TOP  TO  BOTTOM: 


HUMPBACK  SUCKER,  HUMPBACK  CHUB 
COLORADO  CUTTHROAT,  COLORADO  SQUAWFISH 


FIGURE  III- 19 
ENDANGERED  FISH  SPECIES 
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FIGURE  111-20 
FISH  HABITAT  IN  COLORADO  RIVER 
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Two  other  sites  of  some  historical  interest  were  located  on  the  Battlement  Mesa 
Colony  property.    One  is  the  remains  of  a  small  farmstead  with  buildings  made 
of  hand  hewn  logs.    The  other  is  a  building  excavated  into  the  north-facing 
wall  of  a  drainage  on  one  of  the  upper  terraces.    Neither  site  is  considered 
to  be  worthy  of  National  Register  status  without  further  study  and  excavation. 

Historical  values  on  the  Roan  Plateau  consist  mainly  of  early  trails  which 
utilized  the  same  ridgetop  that  the  proposed  pipeline  route  follows. 

The  Escalante-Dominguez  expedition  used  this  route  in  1776,  reaching  the 
plateau  by  way  of  Roan  Creek,  traveling  west,  and  leaving  by  way  of    East 
Douglas  Creek  on  its  way  north  towards  Utah.    The  Ute  Indians  utilized 
this  same  trail  system.    The  Escalante-Dominguez  trail  is  under  study  for 
nomination  to  the  National  Trails  system . 

One  Ute  Indian  trail  from  the  Colorado  River  valley  to  the  south  made  con- 
nection with  the  Divide  Trail  east  of  Douglas  Pass  by  way  of  the  Big  Salt  Wash 
drainage   on  the  south  side  of  the  Book  Cliffs.    This  route  is  known  as  the 
"White  Horse  Pass"  route,  which  is  so-called  because  of  the  white-colored 
configuration  on  the  south  face  of  the  Book  Cliffs  that  resembles  a  horse. 
This  white  horse  served  as  a  signpost  to  the  Indians  for  locating  the  trail 
and  can  be  seen  for  long  distances  when  approaching  the  Book  Cliffs  from 
the  south. 

The  proposed  pipeline  would  cross  the  route  of  the  old  narrow-gauge  Uintah 
Railroad.    The  Uintah  Railroad  was  constructed  in  1904  from  the  Denver  and 
Rio  Grande  Western  Railroad  tracks  at  what  is  now  Mack,  Colorado,  over 
Baxter  Pass   (elevation  8,437)  to  the  gilsonite  mines  at  Dragon  and  Watson, 
Utah.    The  line  operated  from  1904  until  it  made  its  last  run  on  May  16,   1939. 
Much  of  the  old  grade  has  been  obliterated  by  the  existing  county  road  up 
West  Salt  Creek  to  Baxter  Pass.    The  Denver  and  Rio  Grande  Western  Railroad 
also  had  narrow  gauge  railroad  tracks  in  Utah  (Figure  III- 21)  .    The  State 
Historical  Society  of  Colorado,  has  stated  that  the  Uintah  narrow  gauge  railroad 
has  definite  historical  significance  and  is  under  study  for  possible  nomination 
to  the  National  Register  of  Historic  Places . 
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FIGURE  111-21 


The  proposed  pipeline  route  cuts  through  portions  of  the 
old  Denver  and  Rio  Grande  Western  Railroad  grade  which 
was  abandoned  about  1900. 


In  Utah,  items  of  historical  interest  mainly  include  old  roads,  trails  and 
railroad  grades  such  as  the  Denver  Rio  Grande  Western  narrow  gauge 
railroad  grade  near  Cisco,  the  Moab-Thompson  road  and  the  Moab-Green 
River  road  of  which  some  visible  remains  can  be  seen .    Old  trails  such  as 
the  Spanish  Trail  and  Fremonts  Trail  generally  passed  through  the  Spanish 
Valley  but  the  exact  route  is  not  known .    This  is  also  true  for  the  Colorado 
River  Crossing  at  Moab  as  the  exact  location  of  this  is  not  known .    Other 
items  of  some  historical  interest  include  the  Elk  Mountain  Mission  Fort  Site 
near  Moab,  the  Mormon  Dugway  and  Wolfe  Ranch  in  Arches  National  Park 
and  the  Spanish  Valley  Kilns. 
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ARCHEOLOGICAL  AND  PALEONTOLOGICAL 

Archeological  studies  were  conducted  by  Dr.  David  Breternitz,  for  Thorne 
Ecological  Institute,  on  the  Roan  Plateau  and  Parachute  Creek  valley  (20) , 
Dr.  Calvin  H.  Jennings  of  Colorado  State  University  on  the  Dow  Properties, 
Staging  Area,  and  Battlement  Mesa  (21);  and  by  Lawrence  Royer,  Utah 
Environmental  and  Agricultural  Consultant,  on  the  pipeline  route  in  Colorado 
and  Utah  (22)  .    These  studies  were  unsuccessful  in  locating  evidence  of  pre- 
historic use  on  the  Dow  West  property,  service  corridor,  staging  area, 
water  pumping  area  or  pipeline  route.    However,  prehistoric  Indian  village 
sites  have  been  found  in  the  Piceance  Creek  Basin  to  the  north  of  the  Dow  West 
property,  and  hunting  campsites  and  artifacts  have  been  located  on  the 
Naval  Oil  Shale  Reserve  to  the  east  where  one  of  the  proposed  powerline 
corridors  is  located . 

In  the  area  of  planned  unit  development  on  Battlement  Mesa  (Colony's  private 
land,  discussed  in  Chapter  IX)  thirteen  prehistoric  campsites  were  located. 
The  majority  of  these  sites  were  located  on  the  higher  terraces  overlooking 
the  Colorado  River  where  concentrations  of  flakes  were  found  together  with 
fragments  of  ground  stone  tools,  projectile  points,  scrapers,  and  other  bona  fide 
artifacts.    Eight  sites  were  recommended  for  further  examination  and  study. 

There  are  no  archeological  sites  on  the  National  Register  in  the  vicinity 
of  the  Dow  West  property,  service  corridor  or  staging  station.    A  couple  of 
the  sites  on  Battlement  Mesa  may  have  possibility  of  National  Register  status 
depending  on  the  outcome  of  further  testing . 

The  Courthouse  Wash  Pictograph  Site,  a  National  Register  property  is 
located  one  mile  northwest  of  Moab  within  one  mile  of  the  proposed  pipeline 
route. 


111-49 


EXISTING  ENVIRONMENT 


Archeological  sites  on  the  National  Register  in  nearby  counties  include: 
CariSn  Pintado,  Carrot  Man  Pictograph  site,  Duck  Creek  Wicki-up  Village, 
and  Fremont  Lookout  Fortification  in  Rio  Blanco  county;  Edge  of  the  Cedars 
Indian  Ruin,  Hovenweep  National  Monument,  Alkali  Ridge  and  Salt  Creek 
Archeological  Site  and  Poncho  House  in  southern  San  Juan  county. 

The  Utes  were  the  most  likely  to  have  been  on  the  Roan  Plateau  and  to  have 
used  the  ridgetop  along  the  pipeline  route  as  a  trail  for  hunting  and  foraging 
during  the  summers .    The  only  artifacts  likely  to  be  found  are  arrow 
and  spear  points,  chipped  stone  knives  and  scrapers,  and  occasionally  a 
tool-making  site  where  scattered  flakes  are  found  (20)  . 

As  the  route  drops  from  the  top  of  the  Book  Cliffs  into  Corral  and  East  Salt 
canyons,  the  chances  of  encountering  the  Fremont  Culture  increases.    The 
reason  for  this  is  that  prehistoric  occupational  or  architectural  structures 
in  the  Fremont  area  are  seldom  found  at  elevations  above  7,500  feet,  and  are 
almost  always  situated  within  major  canyons  or  small  valleys,  especially 
those  with  dependable  water  sources  and  fertile,  flat  lands  amenable  to 
simple  agriculture.    Particular  Fremont  architectural  features,  such  as 
houses,  granaries,  and  cists,  are  usually  situated  on  small  ridges  or 
eminences  within  these  valleys  or  canyons.    Occasionally,  these  same  fea- 
tures are  also  found  on  cliff  ledges  in  the  canyons  (22)  . 

From  the  Book  Cliffs  across  the  Grand  Valley  desert,  and  through  the  Cisco- 
Thompson  area  to  the  head  of  Moab  Canyon,  there  is  little  chance  of  encoun- 
tering archeological  remains  (22)  . 

The  area  on  south  to  Lisbon  Valley  is  considered  to  be  in  the  transition  zone 
between  the  Anasazi  and  Fremont  cultures. 
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The  main  Anasazi  Culture  area  begins  about  ten  miles  south  of  the  Lisbon 
Valley  area,  on  the  Sage  Plain  in  the  Monticello  area.    Here  is  the  province 
of  the  true  Anasazi  archeological  culture,  typified  by  a  high  density  of  pre- 
historic occupation  (22)  . 

The  only  known  and  well-documented  paleontological  site  in  thea  area  is 
located  just  a  mile  northeast  of  Grand  Valley  in  Section  6,  T.  7S . ,  R.  95  W, 
Two  men  from  Grand  Valley,  Herman  Wilson  and  Herman  Schneider, 
discovered  a  type  of  fossil  reptilian  (other  than  crocodilian)  eggs  at  this 
site.    The  fossils  were  found  in  the  Wasatch  Formation  and  are  about  60 
million  years  old .    Also  found  in  the  Wasatch  Formation  in  this  area  are 
abundant  fossil  bird  eggs  and  skeletal  bird  remains. 

The  top  of  the  Roan  Plateau  is  capped  by  the  Green  River  and  Uinta  Formations 
of  Eocene  age.    Fossil  plants,  insects,  and  fish  have  been  collected  from 
the  Green  River  Formation  in  northwestern  Colorado  and  southwestern 
Wyoming  (Figure  111-22)    (23)  . 

Where  the  pipeline  drops  off  the  plateau  east  of  Douglas  Pass,  the  Wasatch 
Formation  crops  out  for  several  miles .    This  is  the  formation  where 
vertebrate  fossils  are  likely  to  be  found . 

In  the  upper  part  of  the  Moab  Canyon,  the  Morrison  Formation  crops  out 
for  a  distance  of  four  or  five  miles  and  is  the  area  where  vertebrate  fossils 
are  likely  to  be  found.    The  area  has  already  been  cut  by  pipelines,  railroads, 
and  highways.    There  have  been  reports  of  dinosaur  bone  finds  in  the  area 
of  the  Blue  Hills,  about  5  to  10  miles  west  of  the  pipeline  route  where  it 
passes  by  the  Canyonlands  Airport.    The  alluvium  and  sandstone  formations 
on  the  remainder  of  the  route  to  Lisbon  Valley  do  not  have  a  significant 
potential  for  discovery  of  vertebrate  fossils. 
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FIGURE  111-22. 


Fossil  specimens  of  an  Eocene  insect  from  the  Green  River 
Formation  of  Northwestern  Colorado  and  an  Eocene  fish 
(Cockerellite)  from  the  Green  River  Formation  of  south- 
western Wyoming . 


The  main  opportunities  for  archeological  viewing  in  the  Colorado  counties 
consist  mainly  of  scattered  petroglyph  sites  in  canyons  in  the  Colorado 
River  valley.    These  sites  lack  interpretive  services  and  protection  from 
vandalism  and  are  inaccessible. 

Petroglyphs  of  the  Fremont  Culture  can  be  viewed  at  Sego  Canyon  about 
ten  miles  north  of  the  pipeline  route  near  Thompson,  Utah.    Other  petroglyphs 
can  be  seen  along  the  Colorado  River  near  Moab,  Utah.    Many  opportunities 
to  view  ruins  of  the  Anasazi  Culture  (Figure  111-23)  are  available  in  south- 
eastern San  Juan  County  in  such  areas  as  Newspaper  Rock,  Alkali  Ridge, 
Hovenweep  National  Monument,  Cajon  Canyon  Ruin,  Square  Tower  Ruin, 
and  Grand  Gulch. 
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FIGURE  111-23.    Anasazi  Ruins,  Southeastern  Utah. 

LAND  USE  (1) 

Agriculture,  primarily  livestock  production,  is  the  traditional  land  use  in  the 
region,  which  is  still  predominantly  rural.    Urban  settlements  occupy  less  than 
15  square  miles  of  the  total  9,563  square  miles  in  Garfield,  Mesa,  and  Rio  Blanco 
counties .    Even  in  Mesa  County,  which  has  the  largest  urban  population  of  the 
three,  Grand  Junction  and  the  other  municipalities  constitute  less  than  one 
percent  of  the  land  area . 

Grazing  is  the  dominant  land  use .    Many  of  the  smaller  stream  valleys  support 
a  limited  amount  of  cropland.    The  best  irrigated  agricultural  land  lies  in  Mesa 
County  along  the  Colorado  River  from  Palisade  on  the  east  to  Mack  on  the  west. 
This  area  encompasses  approximately  200  square  miles  of  agricultural  land 
within  which  Grand  Junction  occupies  7  square  miles  and  Fruita  occupies  1.5 
square  miles . 

This  project  will  not  affect  any  5,000-acre  roadless  area,  or  5,000-acre  area 
possessing  wilderness  characteristics . 

Few  pilot  plant  operations  have  been  established  for  the  mining  and  processing 
of  oil  shale  within  this  region .    In  Garfield  County  a  sigificant  part  of  the  oil 
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shale  land  is  privately  owned  by  oil  companies,  either  outright  through  surface 
ownership  or  indirectly  controlled  through  the  ownership  of  mineral  rights 
with  extensive  surface  rights  and  alternate  use  restrictions .    Much  of  this  land 
is  leased  to  local  ranchers  for  grazing  purposes.    There  are  few  roads  in  the 
Piceance  Creek  Basin,  and  the  rugged  terrain  is  sparsely  settled.    Most  of  the 
settlement  is  concentrated  on  the  flatlands  in  the  main  river  valleys . 

In  addition  to  oil  shale,  the  other  major  mineral  resource  in  the  three-county 
region  is  coal.    The  coal  fields  in  the  area  are  part  of  the  Uinta  region,  which 
generally  extends  from  the  Piceance  Creek  Basin  westerly  into  Utah.    Six  identi- 
fiable fields  are  located  within  the  Uinta  region:    the  Lower  White  River,  Dan- 
forth  Hills,  Grand  Hogback,  Book  Cliffs,  Grand  Mesa,  and  Carbondale  fields. 

There  is  significant  oil  production  from  the  Rangely  field  in  Rio  Blanco  County. 
"Natural  gas  is  produced  from  the  Piceance  dome  in  the  northeastern  part  of 
the  Piceance     Creek     Basin.  . .  .In  other  parts  of  the  Piceance     Creek     Basin,  gas 
bearing  sandstones  have  been  encountered  in  many  exploration  wells. ..."   (3)  . 
Hunting  and  fishing  are  the  major  recreational  activities  for  local  inhabitants 
and  attract  visitors  from  elsewhere  in  the  state.    As  a  result  of  highway 
improvements,  such  as  the  Eisenhower  Tunnel,  and  the  continued  expansion 
of  tourism  in  Pitkin  and  Eagle  counties,  Glenwood  Springs  is  becoming  more 
of  a  year-round  resort  area.    A  major  ski  resort  is  presently  being  planned 
for  the  Rifle  area. 

Transportation  has  been  a  key  element  in  the  development  of  the  region.    Resi- 
dential settlement  has  paralleled  the  major  transportation  corridors.    The  major 
transportation  corridor  in  the  region  follows  the  Colorado  River  in  a  general 
east-west  direction  and  contains  highway  and  rail  facilities.    In  addition,  three 
of  the  area's  five  airports  are  located  in  close  proximity  to  the  corridor.    Because 
of  the  relatively  easy  grades  along  the  Colorado  River,  it  has  been  the  historic 
transportation  route  into  this  part  of  the  state.    Settlement  patterns  have  followed 
transportation  routes,  so  that  many  of  the  largest  communities  in  the  area  are 
located  along  the  river.    The  capacity  of  the  corridor  is  now  being  expanded  by 
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the  phased  improvement  of  U  .S .  Route  6  and  24  from  a  two-lane  facility  to  a 
four-lane,  limited-access  facility  -  Interstate  70. 

The  approximate  percentage  and  square  miles  of  area  suitable  for  residential 
development  in  Garfield,  Mesa,  and  Rio  Blanco  counties  are  shown  in 
Table  III-9  (1)  .    Included  in  unsuitable  areas  are  prominent  and  rugged 
landforms,  national  forests,  steep  slopes  and  mountainous  country,  rivers, 
and  major  floodplains .    Areas  that  are  relatively  level  are  classified  as 
suitable.    These  areas  include  broad  valleys  and  upland  plateaus  and 
constitute  a  relatively  small  part  of  each  of  the  counties  in  which  they  are 
located.    In  actuality,  the  areas  suitable  for  residential  development  are 
somewhat  smaller  than  indicated  by  Table  III-9,  since  the  oil  shale  lands 
of  the  Piceance  Creek  Basin  have  been  included  in  the  "suitable"  category. 

TABLE  III- 9 
ESTIMATE  OF  TOTAL  LAND  AREA  MOST  SUITABLE  FOR  RESIDENTIAL 
DEVELOPMENT  IN  GARFIELD,  MESA,  AND  RIO  BLANCO  COUNTIES   (1) 


County  Total  Area  Buildable  Area  Percent 

7 
16 
17 


Garfield 

2,997  sq.   mi. 

226  sq.   mi. 

Mesa 

3,303 

515 

Rio  Blanco 

3,263 

9,  563  sq.  mi. 

565 

TOTALS 

1,  306  sq.  mi. 

30 


Western  Garfield  County  has  remained  primarily  rural,  in  comparison  to  the 
urbanization  trend  of  the  eastern  portion  of  the  county  around  Aspen  and  Glen- 
wood  Springs,  and  is  now  experiencing  the  first  pressures  of  recreation  and 
second-home  development. 

Topography  encourages  settlement  in  the  valley  with  major  transportation 
routes  encouraging  and  reinforcing  the  pattern.    Transportation  routes 
and  agriculture,  however,  compete  with  residential  development  for  the  same 
land.    While  the  population  density  of  the  region  is  still  relatively  low,  the 
pressures  of  residential  and  recreational  development  and  expanding 
transportation  corridors  will  focus  on  the  same  small  percentage  of  the  land 
which  is  mostly  suitable  for  agriculture  and  residential  development. 
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LAND  USE  PLANS,    POLICIES,    AND  CONTROLS 

The  applicant's  proposed  action  would  involve  land  subject  to  jurisdiction  of 
Rio  Blanco,  Garfield,  and  Mesa  counties  in  Colorado,  and  Grand  and  San  Juan 
counties  in  Utah.    The  proposed  plant  and  related  off-site  facilities  would  be 
located  in  Garfield  County,  Colorado,  and  would  be  substantially  on  private 
lands .    The  pipeline  would  be  partially  located  in  all  of  the  above  counties  with 
the  greatest  portion  of  land  within  the  pipeline  right-of-way  being  national 
resource  lands. 

A  significant  percentage  of  the  land  within  the  right-of-way  in  Utah  is  held  in 
trust  for  the  state  and  managed  by  the  Division  of  State  Lands .    Two  tracts  of 
state-owned  land  managed  by  the  Division  of  Wildlife  would  be  crossed  in 
Garfield  County,  Colorado.    In  addition,  the  pipeline  would  traverse  a  number 
of  small,  privately-owned  properties  in  both  states. 

All  of  the  national  resource  lands  within  the  proposed  right-of-way  were 
classified  for  multiple  use  management  under  the  Classification  and  Multiple 
Use  Act  of  1964.    The  BLM  has  developed  a  detailed  planning  system  to  ensure 
orderly  administration  of  multiple  use  areas .    The  system  incorporates  an 
analysis  of  mineral  resources;   recreational,  historical,  and  archeological 
values;  wildlife  habitat;  water  resources;  timber  resources;  and  livestock 
forage  coupled  with  assessment  of  various  social  and  economic  demands  for 
these  resource  values  in  reaching  multiple  use  decisions. 

The  designation  of  the  Piceance  Creek  Basin  by  the  EPA  as  an  Area  Wide  Waste 
Treatment  Management  Planning  area  under  the  Federal  Water  Pollution 
Control  Act  Amendments  of  1972  and  as  an  Air  Quality  Maintenance  Area 
under  the  Clean  Air  Act  of  1970,  will  have  the  effect  of  establishing  certain 
control  standards  and  guidelines  for  this  area  which  cannot  be  exceeded 
at  a  later  date  by  new  developments  coming  into  the  area. 
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The  lands  within  the  proposed  right-of-way  held  in  trust  by  the  Utah  Division 
of  State  Lands  are  held  for  the  purpose  of  producing  income  for  the  construction 
and  operation  of  schools  within  the  State.    Permit  fees  generated  from  the 
pipeline  right-of-way  would  be  paid  into  the  state  school  fund. 

The  tracts  of  land  managed  by  the  Colorado  Division  of  Wildlife  in  Garfield 
County  were  acquired  for  the  purpose  of  preserving  summer  range,  primarily 
for  deer . 

Garfield,  Mesa,  Grand,  and  San  Juan  counties  have  adopted  master  plans 
establishing  basic  priorities  for  future  land  use  within  each  county.    The 
recommendations  set  forth  in  these  plans  are  advisory  in  nature.    The  plans 
are  primarily  concerned  with  the  orderly  growth  of  existing  areas  of  urban 
development.    Remote  sections  of  each  county  are  dealt  with  in  general  terms, 
if  at  all . 

Zoning  plans  and  regulations  vary  from  county  to  county.    Most  of  the  right- 
of-way  land  for  pipeline  has  been  zoned  for  industrial,  agricultural,  or 
grazing  purposes.    Some  of  the  land  in  Grand  and  San  Juan  counties  has 
not  yet  been  zoned .    Some  portions  of  land  southwest  of  Moab  have  been 
zoned  for  residential  or  commercial  uses. 

Garfield  County  has  recently  approved  new  zoning  and  building  regulations 
which  apply  to  the  plant/mine  related  off-site  facilities.    These  are  within 
areas  which  have  been  zoned  to  permit  oil  shale  development.    Condition  and 
special  use  permits  are  required  for  industrial  operations. 

Land  use  planning  legislation  in  Colorado  has  emphasized  the  role  of  local 
governments  in  land  use  decisions .    While  several  pieces  of  legislation  have 
planning  implications,  two  deserve  further  discussion. 
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Senate  Bill  35  gives  counties  the  authority  to  approve  or  reject  subdivision 
proposals.    As  a  result,  all  subdivision  plans  must  be  submitted  for  review  by 
designated  agencies  and  affected  municipalities.    Considering  the  recommenda- 
tions of  the  reviewers  and  the  proposal  by  the  developer,  county  commissioners 
approve  or  reject  the  applications.    Modifications  may  be  requested  prior  to 
approval . 

House  Bills  1034  and  1041  give  counties  and  municipalities  authority  and 
funding  to  develop  plans  for  all  lands  within  their  boundaries.    A  principal 
feature  involves  authority  to  designate  areas  and/or  activities  of  state  interest, 
so  that  they  may  be  maintained  or  protected  to  preserve  specific  values. 
Inventory  and  planning  efforts  are  currently  underway,  though  specific 
designations  have  not  been  made. 

The  Colorado  West  Area  Council  of  Governments   (COG)  was  organized  in 
accordance  with  appropriate  state  statutes  to  coordinate  and  provide  a  variety 
of  services  including  planning  assistance  for  Moffat,  Rio  Blanco,  Garfield, 
and  Mesa  counties .    To  coordinate  state  planning  efforts  in  a  manner  consistent 
with  the  Federal  Intergovernmental  Cooperation  Act  of  1968,  these  counties 
have  been  grouped  together  as  Planning  and  Management  District  11. 

At  the  state  level  in  Colorado  are  several  entities  that  coordinate,  support, 
and  review  the  planning  activities  of  local  governments  and  other  state 
agencies. 

The  State  Planning  Coordinating  Committee  is  an  extension  of  the  office  of  the 
Governor  and  has  responsibility  for  review  and  advice  on: 

-  Development  and  implementation  of  an  interdepartmental  long-range 
planning  system  for  the  State 
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-  Proposals  for  long-range  State  policy  objectives  to  the  Governor  and  his 
cabinet 

The  Division  of  State  Planning,  Office  of  the  State  Planning  and  Budgeting, 
within  the  Executive  Branch,  is  known  as  the  Division  of  State  Governmental 
Planning.    Its  responsibilities  emphasize  long-range  program  and  policy 
planning  for  the  State  Government  and  the  coordination  of  long-range  planning 
among  the  agencies  of  State  Government. 

The  Land  Use  Commission  is  a  commission  assigned  to  the  Office  of  the 
Governor .    Its  responsibilities  now  include  development  of  policy  setting 
priorities  for  designation  of  matters  of  State  interest  under  House  Bill  1041, 
and  provision  of  guidelines,  model  regulations,  management  techniques 
for  priority  situations,  and  development  of  growth  policies  as  may  be  necessary 
and  as  time  permits . 

The  Division  of  Planning,  Department  of  Local  Affairs  has  responsibilities 
that  emphasize  the  development  and  coordination  of  comprehensive  planning 
at  the  local  and  regional  levels.    The  Colorado  West  Area  Council  of 
Governments  (Region  11)  is  one  of  the  thirteen  designated  Planning  and 
Management  regions  in  Colorado . 

In  Utah,  an  Economic  and  Physical  Development  Committee  has  been  created  by 
the  state  to  develop  procedures  by  which  local  and  regional  planning  agencies 
can  develop  specific  plans  for  the  areas  within  their  jurisdiction.    Planning 
procedures  pertaining  to  land  use  are  currently  being  prepared  by  the 
Environmental  Coordinating  Subcommittee.    The  intent  of  each  committee  is  to 
develop  planning  methods  that  can  be  used  by  other  agencies  to  develop 
specific  land  use  plans. 
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TRANSPORTATION  FACILITIES    (1) 

HIGHWAYS  AND  ROADS 

Existing  access  to  the  proposed  plant  site  is  provided  by  the  Cow  Creek  road 
system,  which  leaves  the  Piceance  Creek  Road  about  3.5  miles  west  of  the 
Rio  Blanco  Store.    The  roads  are  unimproved  after  leaving  Piceance  Creek, 
and  it  takes  approximately  1 . 5  to  2 . 0  hours  to  reach  the  Roan  Plateau  from 
Rifle,  31  miles  away  (Figure  II-2)  . 

It  is  also  possible  to  reach  the  Roan  Plateau  over  other  existing  single 
lane,  unimproved,  dirt  roads.    One  originates  on  private  land  on  Piceance 
Creek  about  three  miles  east  of  the  Cow  Creek  Road.    Another  route,  known 
as  the  JQS  Trail,  climbs  the  east  face  of  the  Naval  Oil  Shale  Reserve  and 
connects,  by  a  series  of  roads  on  top  of  the  plateau,  with  the  Cow  Creek  Road 
There  are  truck  trails  that  reach  the  plateau  on  the  west  from  Piceance  Creek 
and  across  the  ridgetop  from  Douglas  Pass. 

The  Colony  property  in  Parachute  Creek  is  reached  by  the  existing  county 
road,  which  is  a  15-mile,  partially  paved,  narrow  road  that  winds  up  the 
valley  floor.    The  gravel  portion  of  the  road  is  quite  dusty  during  periods  of 
heavy  vehicle  travel  in  the  summer. 

The  major  highway  in  the  area  is  U.S.  Highway  6  and  24,  which  is  being 
replaced  by  Interstate  70,  segments  of  which  are  completed  to  the  east  and 
west  of  the  Grand  Valley  area.    This  highway  follows  the  Colorado  River. 
At  Rifle,  State  Highway  13  follows  the  Government  Creek  drainage  north  to 
Rio  Blanco  and  Meeker.    At  Rio  Blanco,  an  oiled  county  road  follows  the 
Piceance  Creek  drainage  to  a  point  west  of  Meeker  where  it  joins  State 
Highway  64.    All  of  the  existing  highways  are  below  present  highway 
standards . 


111-60 


REGIONAL  SETTING 

The  pipeline  route  would  generally  follow  an  existing  truck  trail  from  the  plant 
site  across  the  Roan  Plateau.    In  East  Salt  Creek,  the  pipeline  route  would 
intersect  State  Highway  139  which  connects  Loma  to  the  south  and  Rangely  to 
the  north  via  Douglas  Pass .    In  the  Grand  Valley  area  of  Colorado  and  Utah, 
the  pipeline  route  would  parallel  and  then  cross  U.S.  Highway  6  and  50  and 
Interstate  70 .    At  the  old  Valley  City  town  site  the  pipeline  route  would  follow 
U.S.  Highway  163  south  through  Moab,  Utah,  to  its  terminus  at  Lisbon  Valley 
Station,  Utah. 

BUS  SERVICE 

There  are  four  bus  companies  operating  in  the  region.    Essentially,  each 
company  covers  different  routes . 

Continental  T railways  serves  the  region  with  three  buses  daily,  both  east- 
bound  and  westbound,  along  Routes  6  and  24  between  Denver  and  Salt  Lake 
City.    In  addition,  Grand  Junction  is  served  by  two  buses  daily  to  and  from 
Pueblo  and  one  bus  daily  to  and  from  Durango. 

The  Plateau  Valley  Stage  Line  operates  in  Mesa  County,  serving  the  towns 
of  Collbran,  Molina,  Mesa,  and  Grand  Junction  with  once-a-day  service. 

The  Wilderness  Transit  Company  operates  one  bus  a  day,  in  each  direction, 
between  Craig  and  Grand  Junction  via  Meeker  and  Rifle.    This  is  the  only 
bus  service  available  in  Rio  Blanco  County . 

Additional  service  is  provided  in  Garfield  County  by  the  Glenwood  Aspen 
Stage,  which  operates  two  buses  per  day  each  way  between  Glenwood  Springs 
and  Aspen  during  the  tourist  season,  and  one  bus  each  way  during  the  off 
season.    It  also  offers  charter  service. 
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RAILROADS 

The  mainline  of  the  Denver  and  Rio  Grande  Western  Railroad  passes  through 
the  Grand  Valley  area  of  Colorado  and  Utah  as  well  as  south  to  Moab  with  a 
branch  line  to  Craig .    There  is  a  commitment  to  build  an  eleven-mile  spur  from 
Craig  southwest  to  Axial  Basin.    Main  lines  are  under  central  traffic  control, 
a  computerized  system  that  centrally  directs  traffic  both  ways  over  the 
right-of-way.    This  is  a  modern,  high-technology  railroad  with  first-class 
roadbed  and  trackage  (Figure  111-24)  . 

AIR  SERVICE 

The  major  airport  serving  the  area  is  located  at  Walker  Field  in  Grand  Junction 
It  is  the  largest  airport  facility  between  Denver  and  Salt  Lake  City  and  is  a 
complete  service  airport,  equipped  for  instrument  landing,  and  the  only 
airport  in  the  region  providing  regular  scheduled  major  jet  airline  service. 
Frontier,  United,  and  Westair  airlines  provide  direct  service  to  many  cities 
and  towns.    Charter  service  is  available  through  Monarch  Aviation  for 
light  planes  and  Sky  Choppers  for  helicopters.    The  Canyonlands  Airport 
at  Moab  is  served  by  Frontier  and  Westair  airlines. 

Other  air  services  in  the  area  are  limited  to  small  municipal  airports  located 
at  Rifle,  Glenwood  Springs,  and  Meeker.    These  all  have  asphalt  landing 
strips  and  charter  service. 

UTILITY  LINES 

Electric  transmission  lines  in  the  area  include  the  69-kv  line  of  Public  Service 
Company  which  serves  Grand  Valley,  Rifle,  and  the  semi- works  plant  of 
Colony  on  Parachute  Creek.    A  230-kv  transmission  line  of  Public  Service 
runs  through  the  area  south  of  the  Colorado  River .    A  69-kv  line  connects  the 
Cameo  and  Shoshone  electric  generating  plants.    A  135-kv  line  of  the  Colorado 
Ute  Electric  Association  lines  runs  north  from  Rifle  to  Meeker.    Holy  Cross 
Rural  Electric  Association  serves  rural  areas  in  Garfield  County  (Figure  111-24) 

111-62 


REGIONAL  SETTING 

Natural  gas  to  the  Grand  Valley  and  Rifle  communities  is  provided  by  Western 
Slope  Gas  Company,  a  subsidiary  of  Public  Service  Company  of  Colorado. 

Major  electric  utility  lines  run  through  the  area  to  be  traversed  by  the  pipe- 
line with  most  of  these  following  the  major  highways.    Several  power  lines 
are  adjacent  through  Spanish  and  Moab  valleys. 

The  Moab  community  is  served  by  Utah  Power  and  Light,  Utah  Gas  Service 
Company,  and  Continental  Telephone  Company. 

SOCIO-ECONOMIC  CONDITIONS 

Colony's  proposed  oil  shale  developments  would  take  place  in  a  multi-county 
region  in  northwest  Colorado .    The  five-county  region  of  northwest  Colorado 
considered  here  is  far  from  homogeneous  in  socio-economic  character,  and 
it  would  be  a  mistake  to  attribute  identical  socio-economic  characteristics  to 
all  parts  of  any  given  county.    The  tourist-recreation  industry  in  Pitkin, 
Eagle,  and  eastern  Garfield  counties  accounts  for  the  most  dynamic  changes 
in  regional  employment  and  demographics.    Elsewhere,  the  rural  areas 
generally  show  a  trend  of  depopulation  and  depressed  economy,  while  the 
urban  areas  experience  moderate  but  persistent  growth. 

Most  of  the  direct  socio-economic  effects  of  the  Colony  Development  proposals 
would  likely  occur  in  the  natural  corridor  between  and  including  Grand  Junction 
in  Mesa  County  and  Glenwood  Springs  in  Garfield  County,  Colorado.    While 
Rio  Blanco  County  is  expected  to  receive  only  a  minor  share  of  the  Colony- 
induced  impacts,  any  stimulus  to  the  county's  economy  would  be  significant. 

POPULATION   (1)  (24)  (25)    (26)    (27) 

The  total  population  of  the  five  Colorado  counties  and  the  two  Utah  counties 
in  1970  was  104,014,  representing  an  increase  of  15.2  percent  for  the 
1960-1970  decade  as  shown  in  Table  III- 10 .    This  is  a  significantly  lower 
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percentage  increase  than  the  25.8  percent  increase  for  the  State  of  Colorado 
As  the  table  indicates,  the  change  in  the  total  population  in  these  counties 
ranges  from  a  6.0  percent  loss  to  an  increase  of  about  160  percent. 

TABLE  111-10 
COUNTY  POPULATION   (24) 


County 

1960 

1970 

Percent  Change 
1960-1970 

Eagle 

4,677 

7,498 

53.7 

Garfield 

12,017 

14,821 

23.3 

Mesa 

50,715 

54,374 

7.2 

Pitkin 

2,381 

6,185 

159.7 

Rio  Blanco 

5,150 

4,842 

6.0 

Grand    (Utah) 

6,345 

6,688 

11.7 

San  Juan    (Utah) 

9,040 

9,606 

6.3 

Region  Total 

90,325 

104,014 

15.2 

State    (Colorado) 

1,753,947 

2,207,259 

25.8 

The  three  counties  expected  to  receive  the  major  direct  impacts  of  the  pro- 
posed development  had  a  population  of  74,037  in  1970.    Mesa  County,  the 
most  heavily  populated  of  the  three,  had  54,374  residents  in  1970,  compared 
to  14,821  in  Garfield  and  4,842  in  Rio  Blanco. 

Table  III- 11  compares  the  population  size,  the  number  of  families,  the  number 
of  households,  and  the  average  number  of  persons  per  household  for  the  major 
impact  counties  with  that  of  the  state  of  Colorado .    Both  Mesa  and  Garfield 
have  a  slightly  lower  average  number  of  persons  per  household  than  the 
state  as  a  whole,  while  the  figure  for  Rio  Blanco  is  somewhat  higher. 

In  spite  of  the  gradual  transition  of  the  region  from  an  agricultural  economy 
to  a  more  urban,  service  and  trade  center  economy,  all  three  counties  are 
still  very  much  rural  in  character.    Mesa  County's  average  population  density 
of  16.5  per  square  mile  is  more  than  three  times  that  of  Garfield  and  more 
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TABLE  III- 11 
TOTAL  POPULATION  OF  GARFIELD,  MESA, 
AND  RIO  BLANCO  COUNTIES,   1970  (24) 


Persons/ 

County 

Population 

Families 

Households 

Household 

Garfield 

14,821 

4,156 

4,923 

2.98 

Mesa 

54,374 

13,973 

17,640 

2.97 

Rio  Blanco 

4,842 

1,285 

1,474 

3.22 

State    (Colorado) 

2,207,259 

545,417 

690,928 

3.08 

than  eight  times  that  of  Rio  Blanco,  but  is  significantly  less  than  the  overall 
State  average  of  21.3  residents  per  square  mile.    Denver  County,  with  its 
highly  urbanized  density  of  5,417.7  people  per  square  mile,  provides  a 
point  of  comparison  at  the  other  end  of  the  rural-urban  spectrum  in  Colorado. 

In  addition  to  the  relatively  low  overall  density  of  the  region,  the  bulk  of  the 
population  is  scattered  throughout  the  outlying  areas  rather  than  concen- 
trated in  cities  or  towns.    Forty-eight  percent  of  Mesa  County's  population 
is  centered  in  urban  areas  as  defined  by  the  Bureau  of  Census,  28  percent 
in  Garfield,  and  none  in  Rio  Blanco  compared  to  79  percent  of  the  population 
of  the  State  as  a  whole. 

The  region  is  racially  homogeneous;   96  percent  of  the  population  in  Rio  Blanco, 
95  percent  in  Garfield,  and  90  percent  in  Mesa  County  are  white  according  to 
the  1970  census.    Spanish-Americans  are  the  only  other  group  represented  in 
any  significant  numbers,  although  the  percentage  of  Blacks,  Spanish- 
Americans,  and  other  ethnic  groups  in  the  region  has  doubled  over  the  past 
ten  years. 

The  median  level  of  educational  attainment  of  the  population  in  the  region  was 
12.3  years  in  1970.    There  is  little  variation  between  the  three  counties  in 
terms  of  educational  level. 
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The  age  distribution  of  the  population  is  similar  within  the  three  counties. 
In  1970,  the  median  age  was  30.0  in  Garfield  County,  30.2  in  Mesa  County, 
and  27.1  in  Rio  Blanco  County.    The  median  age  of  the  population  in  all 
three  counties  is  somewhat  higher  than  the  26.2  median  age  for  the  state. 

Table  III- 12  summarizes  population  changes  for  incorporated  towns  within  the 
region,  while  Table  III- 13  shows  age  distributions  for  counties  within  the 
region.    Table  III— 14  presents  a  summary  of  social  characteristics  for  each  of 
the  five  counties  and  the  state  of  Colorado . 

The  composition,  distribution,  and  major  change  characteristics  for  each  of 
the  Colorado  and  Utah  county  populations  will  be  briefly  discussed.    Figure 
111-25  outlines  the  geographic  relationship  of  the  counties  discussed  and 
shows  the  locations  of  the  major  communities. 

Eagle  County,  one  of  the  Colorado  mountain  counties  that  has  been  "discovered" 
by  recreationists,  has  grown  in  direct  response  to  the  recreation  development, 
especially  the  growth  of  the  ski  industry.    Between  1950  and  1960,  the  popula- 
tion grew  by  only  4.2  percent.    During  this  period  the  natural  increase  (births) 
counterbalanced  the  effects  of  out-migration.    In-migration  of  males  and  females 
in  the  30-34  age  group  was  the  exception,  with  all  other  age  groups  exhibiting 
out-migration.    However,  the  population  of  that  period  was  composed  of  equally 
distributed  age  groups. 

The  development  of  the  ski  industry  was  realized  in  1962  with  the  founding  of 
Vail  Village.    During  the  1960s,  population  increased  by  53.7  percent  as  the 
county  attracted  large  numbers  of  persons  in  the  15-39  age  group.    The  out- 
migration  trend  was  dramatically  reversed  in  all  but  the  60-64  and  the  over-70 
age  groups.    The  in-migration  changed  the  composition  and  character  of  the 
population,  so  that  by  1970  the  majority  of  the  people  were  young. 

The  labor  force  was  enlarged  and  the  number  of  families  of  all  ages  grew 
increasing  the  demand  for  public  goods  and  services.    A  continuation  of  the 
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TABLE  III- 12 
POPULATION  OF   IMPACT  REGION  TOWNS  AND  CITIES    (25) 


TOWN 


Aspen 


Meeker 
Rangely 


1950 


1960 


1970 


PERCENT  CHANGE 
1950-60     1960-70 


EAGLE  COUNTY 


Basalt 

173 

213 

419 

23.1 

96.7 

Eagle 

445 

546 

790 

22.7 

44.7 

Gypsum 

345 

358 

420 

3.8 

17.3 

Minturn 

509 

662 

706 

30.1 

6.6 

Red  Cliff 

556 

586 

621 

5.4 

6.0 

Vail 

* 
GARFIELE 

* 
)  COUNTY 

484 

* 

* 

Carbondale 

441 

612 

726 

38.8 

18.6 

Glenwood  Springs 

2,412 

3,637 

4,106 

50.8 

12.9 

Grand  Valley 

292 

245 

270 

-23.1 

10.2 

New  Castle 

483 

447 

499 

-  7.5 

11.6 

Rifle 

1,525 

2,135 

2,150 

40.0 

0.7 

Silt 

361 

MESA  i 

384 
COUNTY 

434 

6.4 

13.0 

Collbran 

237 

310 

225 

30.8 

-27.4 

DeBeque 

253 

172 

155 

-22.0 

-  9.9 

Fruita 

1,463 

1,830 

1,822 

25.1 

-   0.4 

Grand  Junction 

14,504 

18,694 

20,174 

28.9 

7.9 

Palisade 

861 

860 

874 

NC 

1.6 

PITKIN  COUNTY 
961  1,101  2,404 

RIO  BLANCO  COUNTY 


1,658 
808 


1,655 
1,464 


1,597 


20.1 


1.0 

19.0 


118.3 


-   3.5 
8.5 


*Not  incorporated  in  time  to  be  considered 
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TABLE  III- 13 
AGE  DISTRIBUTION    (26) 


NUMBER  OF 

NUMBER  OF 

PEOPLE 

PERCENT 

PEOPLE 

PERCENT 

MEDIAN 

AREA 

UNDER    18 

UNDER 

18 

OVER   65 

OVER   65 

AGE 

County 

Eagle 

2,867 

38 

390 

5 

24.6 

Garfield 

5,024 

34 

1,669 

11 

30.6 

Mesa 

18,278 

34 

6,501 

11 

30.0 

Pitkin 

1,905 

31 

171 

2 

26.3 

Rio  Blanco 

2,009 

41.5 

397 

8.2 

27.2 

Five-County 

Region 

28,865 

32.9 

9,128 

10.4 

27.2 

Colorado 

774,011 

35 

187,891 

8 

26.2 
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TABLE   III- J4 
SUMMARY  OF   SOCIAL  CHARACTERISTICS 


(26) 


Variables 


Eagle       Garfield 


Mesa 


Pitkin 


Five-County 
Rio  Blanco  Region 


Colorado 


Total  Population 


7,487 


Population  Per 

Sq  Mi 

4 

1970  Urban 

Population 

0 

Urban    (%) 

0 

Change  in  Urban 

Population 

1960-1970    (%) 

0 

Rural  Non-Farm    (%) 

88 

.5 

Rural  Farm    (%) 

11 

.5 

Native  Population 
Residing  in  State 
of  Birth    (%)  51.9 

Persons  25  Years  & 
Over,   Median 
School  Years 
Completed  12.2 


Married  Couples 

Without  Own 

Household    (%) 

0.4 

Percent  Families 

With  Own 

Children  Under 

6  Years 

36.3 

Households    (No.) 

2,302 

Persons  Per 

Household 

3.25 

14,821  54,374  6,185 

5  16  6 

4,106  25,994  0 

28  48  0 

13  10 

62.0  40.5  87.9 
10.3  11.7  12.1 

54.1  53.2  30.9 


12.2 


0.! 


12.3    14.4 


1.0 


23.0  21.0         31.0 

4,923  17,640       2,069 


4,842 

1.5 

0 
0 


2.97 


2.98  2.85 


84.8 
15.2 

52.2 

12.4 
0.6 

26.8 
1,474 

3.22 


87,720 

2,207,259 

- 

21 

30,100 

1,733,311 

34.3 

79 

84.8 
11.5 

48.46 

12.3 
0.6 


34 

16.7 

4.7 

46.4 

12.4 
0.9 


27.6  27.3 

28,408  690,928 


3.01 


3.08 
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in-migration  and  trend  toward  younger  families  is  expected  to  increase  births 
and  further  accelerate  population  growth. 

The  population  is  presently  distributed  primarily  among  the  recreation- 
based  communities,  especially  Vail.    The  Eagle-Gypsum  division  has  retained 
much  of  its  rural  character  and  historic  rural  settlement  patterns,  with 
ranching  and  farming  still  viable  industries  in  that  area.    The  Basalt  division 
and  Basalt  town  are  oriented  to  recreation  activities;  but  due  to  location 
and  the  transportation  network,  they  are  more  aligned  with  Pitkin  County  activities 

Garfield  County  population  grew  by  only  3.4  percent  between  1950  and  1960 
as  people  in  the  10-29  age  group  of  both  sexes  out-migrated  in  large  numbers. 
This  out-migration  was  offset  by  a  slight  in-migration  of  older  persons  and  a 
large  natural  increase  due  to  births.    While  the  total  population  increased 
slightly,  the  labor  force  was  diminished  by  out-migration  and  aging  as  the 
demand  for  schools  and  child  services  remained  stable. 

A  more  stable  and  healthy  behavior  was  experienced  during  the  1960s  as  the 
birth  rate  remained  stable  and  out-migration  was  reversed  in  all  except  the 
19-29  age  group .    The  labor  force  was  reinforced  by  new  people  as  economic 
growth  within  the  county  occurred .    In-migration  by  a  moderate  number  of 
persons  of  both  sexes  in  the  oldest  age  groups  continued . 

Recent  trends  show  growth  (23.3  percent  between  1960  and  1970) ,  equal  age 
distributions,  and  vitality  in  all  age  groups. 

With  respect  to  distribution,  all  municipalities  in  the  county  grew  while  rural 
areas  declined  in  population.    The  two  most  dynamic  towns  are  Glenwood 
Springs  and  Carbondale.    Glenwood  Springs  appears  likely  to  experience 
additional  growth  due  to  its  location  on  major  highway  and  rail  facilities  as 
well  as  its  proximity  to  the  recreation-tourism  centers  to  the  south  and  east. 
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Mesa  County  statistics  indicate  a  continuous  out-migration  of  younger  people 
over  the  past  twenty  years.    Though  population  increased  by  30. 1  percent 
during  the  1950s,  the  loss  of  people  in  the  20-29  age  group  led  to  a  corre- 
sponding loss  of  children  in  the  0-4  age  group.    In-migration  and  births 
accounted  for  the  population  growth  during  this  period. 

During  the  1960s  growth  dropped  to  7.2  percent  as  the  out-migration  con- 
tinued .    Some  of  the  loss  was  offset  by  births  and  moderate  in-migration 
especially  in  the  older  age  groups . 

Rural  areas  have  lost  population  along  with  the  simultaneous  growth  of  Grand 
Junction,  indicating  the  increased  attractiveness  of  larger  towns.    Migratory 
trends  could  be  reversed  if  sufficient  economic  opportunities  are  created 
within  the  county . 

Pitkin  County's  attractiveness  is  evidenced  by  a  population  growth  of 
44.7  percent  during  the  1950s  and  a  growth  of  159.8  percent  between 
1960  and  1970. 

In  1950,  Pitkin  County  had  a  small  population  of  evenly  distributed  age  and 
sex  groups.    By  1970,  the  population  was  primarily  young  with  355  males  and 
436  females  in  the  20-24  age  group.    When  the  seasonal  and  day  use  popula- 
tions are  combined  with  the  resident  populations,  the  magnitude  of  the  trend 
toward  a  young  population  is  even  more  evident. 

The  reason  for  the  dramatic  population  growth  is  the  development  of  the 
recreation-tourism  industry,  specifically  skiing.    The  primary  location  of 
the  growth  has  been  the  towns  of  Aspen  and  Snowmass.    Historical  trends 
and  other  data  suggest  that  the  county  will  continue  to  grow  and  attract  young 
people . 

Pitkin  County  in-migration  rates  are  the  highest  in  the  state,  with  the  number 
of  births  increasing  and  the  death  rate  the  lowest  of  any  Colorado  county. 
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Due  to  its  fine  recreation  resources,  any  increase  in  the  population  of  counties 
adjoining  Pitkin  County  will  likely  increase  the  number  of  recreationists  using 
Pitkin  County  facilities . 

Rio  Blanco  County  has  a  history  of  population  characteristics  that  suggests 
instability.    While  total  population  increased  between  1950  and  1960,  the 
county  experienced  out-migration  in  virtually  all  male  and  female  age  groups. 
A  large  number  of  births  compensated  for  the  migration  loss  during  the  1950s. 

A  precipitous  decline  in  the  number  of  births  combined  with  the  continued 
out-migration  resulted  in  a  population  decrease  of  6  percent  during  the 
1960-1970  period.    Since  the  out-migration  trend  exists  throughout  the  older 
age  groups,  labor  force  and  leadership  potential  in  the  county  is  diminished. 

Though  the  town  of  Rangely  was  the  exception  to  recent  population  loss, 
additional  inducements,  either  social  or  economic,  will  be  required  to  reverse 
the  historical  trends .    Energy-minerals  related  developments  could  provide 
the  required  incentives . 

Grand  County,  Utah,  experienced  a  spectacular  233.4  percent  population 
increase  between  1950  and  1960.    Several  age  groups  within  the  population 
grew  by  over  250  percent  with  all  age  groups  between  5  and  59  years 
increasing  by  over  100  percent. 

The  population  explosion  totally  reconstructed  the  county's  composition  and 
illustrates  the  way  in  which  economic  inducements  can  transform  a  popula- 
tion and  increase  the  demand  for  public  goods  and  services. 

Population  growth  subsided  during  the  1960  to  1970  decade.    The  total 
population  grew  by  11.7  percent;   however,  several  age  groups  suffered 
losses  due  to  out-migration.    The  situation  changed  from  rapid  growth  to 
stability  and  a  relatively  equal  distribution  of  people  within  all  age  and  sex 
groups . 
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Reduced  births  and  in-migration  are  currently  producing  a  very  stable  popula- 
tion composition.    Analysis  of  the  composition  trend  indicates  that  the  county's 
population  is  passing  through  a  transition  phase.    In  the  early  1970s  the  com- 
position will  continue  to  show  stability;   however,  any  increase  in  the  out- 
migration  will  cause  a  decline  in  total  population  with  a  heavy  loss  of  young 
and  middle  age  persons. 

Even  during  the  spectacular  growth  of  the  1950s,  the  population  distribution 
was  marked  by  a  shift  from  rural  to  urban  areas.    While  the  county  population 
was  increasing,  rural  population  declined  by  12.6  percent.    During  the 
1960-1970  decade,  established  locational  trends  prevailed.    The  communities, 
rather  than  the  rural  areas,  were  the  primary  recipients  of  additional 
people.    The  settlement  pattern  seems  to  be  firmly  established  and  any 
alteration  to  this  distributional  trend  seems  unlikely. 

The  composition  of  San  Juan  County's  population  is  unique  in  comparison 
with  the  other  counties.    About  one-third  of  southern  San  Juan  County  lies 
within  the  Navajo  Indian  Reservation.    While  the  county's  total  population 
has  continuously  grown,  it  has  been  the  rapid  growth  of  the  Navajo  popula- 
tion producing  the  increase.    Between  1950  and  1960,  the  population  grew 
by  70.1  percent.    In  1960,  the  white  population  totaled  approximately 
6,082  persons,  predominantly  composed  of  young  people.    At  the  same  time 
the  Indian  population  totaled  only  2,693  persons  and  showed  a  migratory 
tendency  of  middle-aged  persons  leaving  the  region.    By  1970,  the  white 
population  declined  to  4,826  members  with  migration  responsible  for  the 
reduction  within  all  age  groups.    The  Navajo  population  grew  to  4,780  persons 
and  the  earlier  migratory  behavior  was  reversed.    The  composition  of  the 
Navajo  population  exhibits  the  addition  of  many  young  and  middle-aged  members 
Recent  population  growth  that  has  occurred  within  the  county  is  attributable 
to  the  increasing  Navajo  population. 

With  regard  to  population  distribution,  it  is  interesting  to  note  that  unlike 
other  counties,  the  rural  population  increased  in  San  Juan  County  between 


111-75 


REGIONAL  SETTING 

1950  and  1960.    That  increase  is  attributed  largely  to  the  increased  popula- 
tion on  the  Navajo  Reservation. 

The  two  northern  census  subdivisions  experienced  differing  population  dis- 
tribution trends  between  1960  and  1970.    The  Blanding  division  increased  by 
6  percent  and  Blanding  city  by  24.7  percent.    In  contrast,  the  population  in 
the  Monticello  division  declined  by  20.5  percent  and  Monticello  city  also 
declined .    During  the  same  time  period  the  Navajo  division  increased  sub- 
stantially (49  percent)  .    The  net  effect  was  a  population  increase  of  6.3  per- 
cent for  the  county  during  the  1960-1970  decade. 

POPULATION  PROJECTIONS  ASSUMING  NO  COLONY  OIL  SHALE  DEVELOPMENT 

Table  III- 15  shows  projected  regional  levels  based  on  a  "no  oil  shale"  assump- 
tion.   The  projections  were  derived  using  a  cohort-survival  model  (24)  which 
ages  the  population,  calculates  and  adds  births,  and  calculates  and  subtracts 
deaths  on  an  annual  basis.    In  addition,  the  model  calculates  net  migration  rates 
based  on  assumed  or  assigned  employment  levels. 

A  brief  description  of  the  data  inputs  follows: 

-  The  model  uses  1970  as  a  base  year;  all  population  data  for  the  initial 
period  are  taken  from  the  1970  Census  of  Population. 

-  Death  rates  for  each  county  in  the  study  area  were  derived  from  state  data 
files;  the  1970  death  rates  are  used  throughout. 

-  Birth  rates  were  derived  from  the  same  basic  sources  as  above;  all 
Colorado  birth  rates  have  been  reduced  by  19  percent  over  the  period 
1970-1975  and  held  constant  at  that  level  for  the  remainder  of  the  study 
period;  Utah  rates  are  1970  rates  throughout. 
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-  51  percent  male  births  was  a  fact  assumed  for  the  entire  study  period, 
based  on  state  data . 

-  Distribution  of  in-  and  out-migrants  are  derived  from  the  1970  Census  of 
Population  publication  Migration  Between  State  Economic  Areas  and 
are  based  upon  State  Economic  Area  Number  1,  which  includes  all  of 
northwestern  Colorado . 

TABLE  111-15 

SUMMARY  OF  PROJECTED  REGIONAL  POPULATION  LEVELS 

WITH  THE   "NO  OIL  SHALE"  DEVELOPMENT  ASSUMPTION   (24) 


1970 

1975 

1980 

1985 

PROJECTED  CHANGE 

1970  -   1985 
NUMBER        PERCENT 

Eagle    (S-3) 

7,498 

10,418 

13,434 

17,350 

9,852 

131.4 

Garfield    (S-l) 

14,821 

18,533 

22,328 

26,968 

12,147 

81.9 

Mesa    (S-l) 

54,374 

59,685 

66,083 

73,070 

18,696 

34.4 

Pitkin    (S-3) 

6,169 

11,804 

17,401 

25,034 

18,863 

305.8 

Rio  Blanco    (S-l) 

4,842 

3,519 

2,959 

2,568 

-2,274 

-46.9 

Grand    (S-l) 

6,688 

6,233 

6,245 

6,516 

-     172 

-  2.6 

San  Juan    (S-l) 

9,607 

12,384 

15,928 

21,562 

11,955 

124.4 

Regional  Total 

103,999 

122,576 

144,378 

173,068 

69,067 

66.4 

HOUSING 

Table  III- 16  summarizes  the  most  recent  census  information  for  the  five 
Colorado  counties .    It  should  be  noted  that  the  number  of  housing  units  has 
increased  at  about  three  times  the  rate  of  population  growth.    Only  in 
Garfield  County  has  the  expansion  rate  of  housing  units  been  lower  than  for 
population . 
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It  may  be  argued  that  much  of  this  growth  may  be  in  recreational  or  second- 
home  type  units.    However,  such  units  may  absorb  some  of  any  new 
population  growth,  at  least  for  the  short  run,  and  with  a  changing  use- 
character  of  the  area,  may  provide  primary  housing  for  some  of  the  growing 
population . 

TABLE  III- 16 

HOUSING  INVENTORY 

1960  AND  1970  BY  TYPE  AND  TENURE  (28) 


Variables 

Eagle 

Garfield 

Mesa 

Pitkin 

Rio  Blanco 

Five-County 
Region 

Colorado 

1970  Population 

7,498 

14,821 

54,374 

6,185 

4,842 

87,720 

2,207,259 

1960-1970 
Population 
Change    (%) 

60 

23 

7 

160 

-6 

16.7 

26 

1960  Housing 
Units 

1,762 

4,575 

17,128 

1,060 

1,944 

26,469 

594,522 

1970  Housing 
Units 

3,257 

5,537 

18,982 

2,748 

2,028 

32,552 

757,070 

1960-1970  Change 
in  Total  Housing 
Units    (%) 

84.8 

21 

10.8 

159.2 

4.3 

56.02 

27.3 

1970  Vacant  and 
Migratory  Units 

455 

106 

166 

52 

147 

926 

15,420 

All  Year-Round 
Units,    1970 

2,802 

6,315 

21,226 

2,696 

1,879 

34,918 

745,858 

Owner  Occuppied 

1,269 

4,257 

15,343 

1,195 

1,193 

23,257 

438,148 

Renter  Occupied 

1,033 

2,058 

5,883 

874 

686 

10,534 

252,780 

Vacant  Year-Round 

500 

508 

1,176 

627 

407 

3,218 

52,930 

Persons  Per 
Occupied  Unit 

3.2 

3.0 

3.0 

2.8 

3.1 

3.02 

3.1 

Persons  Per 
Owner 
Occupied  Unit 

3.3 

3.0 

3.1 

3.1 

3.1 

3.1 

3.3 

Persons  Per 
Renter 
Occupied  Unit 

3.1 

2.9 

2.7 

2.5 

3.3 

2.9 

2.6 
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Table  III- 17,  which  summarizes  selected  housing  characteristics  for  the  five- 
county  Colorado  region,  indicates  that  housing  quality  is,  in  general, 
slightly  lower  than  for  the  state  as  a  whole. 

Tables  III— 18 ,  111-19,  and  111-20,  showing  the  values  of  owner-occupied  units, 
gross  rents  for  rental  units,  and  the  number  of  federally  subsidized  housing 
units,  confirm  the  observation  that  housing  costs  are  generally  higher  in  the 
recreation-based  communities,  including  eastern  Garfield  County.    The 
limited  availability  of  lower-priced  to  moderate-priced  housing  is  documented 
in  Table  111-20.    Thus,  there  is  a  need  to  include  in  future  housing  developments 
plans  or  provisions  for  lower  cost  housing  for  persons  with  low  incomes. 

Between  1970  and  1985,  a  population  increase  of  57,112  people  (65  percent) 
was  projected  for  the  five  Colorado  counties  under  the  "no  oil  shale"  assump- 
tion.   Assuming  a  density  of  three  persons  per  household,  there  will  be  a  need 
for  19,038  new  housing  units.    The  increase  for  the  1960-1970  decade  was 
6,083  units.    This  means  that  housing  construction  in  the  five  counties  must 
substantially  exceed  the  rate  of  the  past  decade  just  to  keep  pace  with  the 
needs  arising  from  ongoing  trends.    In  view  of  the  recent  housing  industry 
slump,  it  is  doubtful  that  housing  construction  can  keep  pace  with  needs, 
even  if  a  greater  utilization  of  house  trailers  occurs . 

INCOME 

Income  data  for  the  five-county  Colorado  region  is  shown  in  Table  111-21. 
The  1970  population  of  87,720  had  an  average  median  income  per  family  of 
$8,971.    The  proportion  of  families  with  incomes  under  $5,000  was  24.3  per- 
cent or  the  same  as  for  the  state.    The  number  of  families  under  the  poverty 
level  was  10.1  percent  or  slightly  lower  than  the  number  for  the  state  (11.2  percent)  . 
Personal  income  increased  from  $1,  641/capita  in  1960  to  $2,  861/capita  in  1970, 
an  increase  of  74  percent.    The  1960-1970  rate  of  increase  was  greater  than  the 
rate  for  the  state,  but  the  1970  level  is  92  percent  of  the  state  per  capita  average, 
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TABLE  III- 17 
SELECTED  CHARACTERISTICS  OF  HOUSING  INVENTORY,    1970    (29) 


Area 


Total 
Year-Round 
Units 


Lacking  Some 

or  All  Lacking 

Plumbing         Piped 
Facilities  Water 


Year 

Built 

1965  to 

1939 

March  1970 

or  Earlier 

893 

1,007 

908 

2,185 

1,929 

7,228 

1,073 

608 

114 

684 

4,917 

11,712 

(15.6%) 

(37.2%) 

121,227 

248,884 

(16.3%) 

(33.5%) 

Counties 

Eagle 

Garfield 

Mesa 

Pitkin 

Rio  Blanco 

Five-County 
Region 


Colorado 


2,787 
5,445 
18,798 
2,658 
1,823 


31,511 
741,650 


300 

92 

287 

71 

1,216 

320 

123 

46 

218 

143 

2,144 

672 

(6.8%) 

(2.1%) 

36,721 

10,068 

(4.9%) 

(1.36%) 

TABLE  111-18 
VALUE  OF  OWNER-OCCUPIED  UNITS,    1970    (29) 


Area 

Total  Owner 

Occupied 

Units 

Less 

Than 

$5,000 

$5,000 

to 
$9,999 

$10,000 

to 
$14,999 

$15,000 

to 
$19,999 

$20,000 

to 
$24,999 

$25,000 

to 
$34,999 

$35,000 

to 
$39,999 

Median 
Value 

Counties 

Eagle 

536 

60 

117 

131 

78 

24 

61 

65 

13,300 

Garfield 

1,953 

163 

357 

476 

334 

272 

254 

97 

14,800 

Mesa 

9,483 

499 

2,304 

2,839 

1,842 

995 

694 

310 

13,300 

Pitkin 

608 

6 

- 

44 

10 

37 

106 

405 

48,400 

Rio  Blanco 

534 

58 

129 

158 

96 

35 

48 

10 

11,600 

Five-County 

Region 

13,114 

786 

2,907 

3,648 

2,914 

1,363 

1.163 

887 

13,300 

Colorado 

360,142 

11 

,997 

42.962 

79,654 

93,857 

58.794 

47,618 

25 

,260 

17.400 
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TABLE  111-19 
GROSS   RENTS  OF  RENTER-OCCUPIED  UNITS,    1970    (29) 


Area 

Total  Renter 

Occupied 

Units 

Less 

Than 

$40 

$40 

to 

$59 

$60 

to 

$79 

$80 

to 

$99 

$100 

to 

$149 

$150 

or 

More 

No 
Cash 
Rent 

Median 
Gross 
Rent 

County 

Eagle 

908 

6 

42 

98 

154 

271 

272 

65 

117 

Garfield 

1,404 

21 

96 

231 

303 

426 

174 

153 

98 

Mesa 

4,479 

203 

507 

940 

874 

1,389 

258 

308 

89 

Pitkin 

805 

5 

4 

27 

17 

138 

495 

119 

185 

Rio  Blanco 

469 

94 

30 

44 

103 

113 

25 

60 

91 

Five-County 

Region 

8,065 

329 

679 

1,340 

1,451 

2,337 

1,224 

705 

98 

Colorado 

239,599 

6,475 

19,237 

32,516 

36,226 

81,244 

50,151 

13,750 

110 

TABLE  111-20 
HOUSING  AUTHORITIES  AND  FEDERALLY  SUBSIDIZED  HOUSING  UNITS 

JANUARY   1,    1972    (29) 


Grand 

Total 

Ti 

Low  Price 

Moderate 

Price 

Areas 

Public 
otal       Housing      Si 

Rent 
jpplement 

Total 

Rental 
HUD       FHA 

Sales 
HUD/FHA 

Counties 

Eagle 

- 

- 

- 

- 

- 

- 

- 

Garfield 

50 

- 

- 

50 

42 

- 

8 

Mesa 

176 
(54)* 

10 
(10)* 

10 
(10)* 

166 
(44)* 

135 
(44)* 

- 

31 

Pitkin 

- 

- 

- 

- 

- 

- 

- 

Rio  Blanco 

3 

- 

- 

3 

- 

- 

3 

Five-County 
Region 

226 

10 

10 

219 

177 

- 

42 

Colorado 

20, 
(4, 

,558 
,166)* 

8 
(2 

,930         7,313 
,240)*    (1,866)* 

1,617 
(374)* 

11 
(1 

,628 
,926)* 

4,952 
(1,926)* 

16 

6,660 

*Represents 

the  number 

of 

elderly  units  inch 

ided  in  total 
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indicating  a  continuing  lag .    Other  census  data  for  the  region  indicate  that 
the  income  disparity  is  much  greater  for  women  than  for  men. 

Only  25.8  percent  of  the  families  within  the  region  had  incomes  over  $12,  000 
in  comparison  with  41 .9  percent  for  all  Colorado.    These  regional  averages 
are  increased  noticeably  by  a  smaller  number  of  higher  income  families 
residing  in  the  resort  areas. 


TABLE  111-21 
COUNTY  INCOME  INFORMATION   1970     (30) 


Variables 

Eagle 

Garfield 

Mesa 

Pitkin 

Rio  Blanco 

Five-County 
Region 

Colorado 

Per  Capita 

Personal  Income 

1960    ($) 

1,283 

1,669 

1,713 

2,520 

111 

1,641 

1,885 

1970    ($) 

3,067 

2,921 

2,658 

4,479 

2,418 

2,861 

3,118 

Percent  Change 
1960-1970 

139 

75 

54 

77 

219 

96.9 

65.4 

Relationship  to 
State 

.98 

.93 

.83 

1.44 

.74 

.92 

1.0 

Total  Personal 
Income    (Million  $) 

23 

43 

145 

28 

12 

251 

6,883 

Median  Family 
Income    ($) 

11,703 

8,065 

8,380 

8,637 

8,050 

8,971 

9,555 

Percent  Families 
Under  $5,000 

15.3 

22.1 

27.2 

12.1 

26.9 

24.3 

24.3 

Percent  Families 
Over  $12,000 

27.9 

26.3 

23.8 

48.6 

17.8 

25.8 

41.9 

No.  Families  Under 
Poverty  Level 

144 

348 

1,590 

83 

130 

2,301 

49,850 

Percent  of  All 
Families 

7.5 

8.3 

11.4 

5.7 

10.1 

10.1 

11.2 

Mean  Family 
Income 

2,162 

1,804 

1,705 

2,028 

1,250 

1,735 

1,885 

Mean  Income 
Deficit 

1,784 

1,242 

1,397 

1,101 

1,836 

1,410 

1,523 

No.  Persons  Below 
Poverty  Level 

783 

1,656 

7,953 

686 

604 

11,082 

203,229 

Percent  of  All 
Persons 

10.4 

11.3 

15.1 

11.2 

12.8 

12.63 

12.3 
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EMPLOYMENT 

Labor  force  participation  within  the  impact  region  was  slightly  lower,  with 
unemployment  significantly  higher  than  for  the  state.    It  is  interesting  to 
note  that  unemployment  was  highest  in  Pitkin  County  (6.9  percent)  where 
several  income  indicators  suggest  a  thriving  economy.    The  disparity  is 
likely  due  to  the  unique  nature  of  that  recreation-oriented  populace. 

Table  111-22  shows  employment  by  industrial  sector  for  the  region  and  for 
Colorado.    Over  the  past  20  years  the  dependence  of  the  area  on  agriculture 
as  a  source  of  employment  and  income  has  decreased  substantially .    Mining 
as  a  source  of  income  and  employment  has  decreased  slightly,  and  some 
current  projections  of  the  mining  sector  indicate  that  mechanization  will 
counter-balance  increased  production  over  the  next  year  or  two  to  provide 
few  additional  jobs  and  only  modest  increases  in  income. 

TABLE  111-22 
1970  EMPLOYMENT  INDICATORS    (31) 

FIVE-COUNTY  REGION        COLORADO 


Labor  Force  Over  18 
Labor  Force  Participation 
Percent  Unemployment 
All  Industry  Employment 

Employment  by  Sector 
(Listed  in  Order  Of 
Regional  Significance) 

Services 

Retail  Trade 

Mining 

Construction 

Agriculture  &  Fisheries 

All  Manufacturing 

Public  Education 

Transportation 

Public  Administration 

Finance,   Ins.,   Real  Estate 

Wholesale  Trade 

Utilities 


34,561 

909,581 

71% 

73% 

5.4% 

4.0% 

33,833 

825,779 

PERCENT  OF 

PERCENT  OF 

REGIONAL 

STATE  ' 

rOTAL 

TOTAL 

AND  I 
19% 

tANK 

22% 

(1) 

17% 

18% 

(2) 

14% 

2% 

(11) 

9% 

7% 

(5) 

8% 

5% 

(8) 

7% 

15% 

(3) 

7% 

8% 

(4) 

6% 

^9- 

(9) 

5% 

7% 

(6) 

4% 

6% 

(7) 

3% 

^9- 

(10) 

3% 

99- 

(11) 
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Retail  trade  and  other  services  account  for  a  major  portion  of  the  income  and 
employment  in  the  region .    Construction  activities  are  based  both  on  the 
building  associated  with  the  recreation-resort  areas  (condominiums,  mountain 
homes,  new  stores,  etc.,  in  the  principal  resort  communities)  and  the  pivotal 
role  that  Grand  Junction  plays  as  the  trade  center  for  western  Colorado  and 
eastern  Utah.    Manufacturing  in  Grand  Junction  has  increased  somewhat 
over  the  past  decade.    The  low  rank  of  the  wholesale  trade  sector  is  indica- 
tive of  the  fact  that  the  region  depends  on  Denver,  Salt  Lake,  and  other 
major  cities  for  primary,  wholesale-supply  activities.    Population  projections 
suggest  that  the  local  construction  industry  will  be  unable  to  meet  the  demands 
of  the  several  industrial  and  housing  sectors. 

Some  parts  of  the  region  have  become  retirement  home  areas  for  persons  from 
outside  the  region  as  well  as  "havens"  for  those  rural  Coloradans  pushed 
from  the  recreation-development  areas,  either  because  of  the  associated 
higher  living  costs  in  the  resort  areas  or  their  preference  to  live  in  quieter, 
rural  communities. 

To  summarize,  the  history  of  the  region  is  heavily  tied  to  the  agricultural 
and  mining  activities  of  the  past.    Mechanization  has  reduced  the  dependence 
on  these  sectors  while  a  new  recreation-tourism  industry  has  developed, 
attracting  regional  and  national  attention .    In-migration  of  new  people  and 
interests  and  Grand  Junction's  growing  role  as  a  regional  trade  and  travel 
center  have  dominated  the  recent  past . 

SOCIAL  WELL-BEING  AND  WELFARE 

There  are  several  measures  of  social  well-being .    Included  would  be  such 
indicators  as  unemployment;  proportion  of  families  with  poverty  level 
incomes  and  related  income  deficits;  proportion  of  the  population  on  welfare; 
and  suicidal,  criminal,  and  other  tendencies. 
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The  first  two  indicators  have  been  discussed  in  earlier  sections  with  the 
general  conclusion  that  while  disparities  exist  between  the  region,  as  com- 
pared to  the  state,  a  tendency  for  the  region  to  "catch  up"  has  been  noted. 
This  will  likely  continue  with  projected  growth  in  employment  and  a  reduc- 
tion in  underemployment. 

Table  111-23  documents  a  recent  trend  within  Colorado  toward  higher  welfare 
populations.    While  the  regional  picture  is  better  than  for  the  state,  its  trend 
parallels  the  state  trend .    All  reasons  for  the  direction  of  this  trend  are 
unknown.    However,  expanded  benefit  programs  help  more  people  than  in 
the  past  and  a  sluggish  economy  in  the  late  1960s  and  early  1970s  reduced 
job  opportunities.    Other  factors  are  obviously  involved. 

TABLE  111-23 
PERCENTAGE  OF  POPULATION  ON  WELFARE  IN  COLORADO 
FISCAL  YEARS   1967-1968  THRU    1970-1971    (31) 


Total 

Welfare 

Location 

Population 

Population 

1970-71 

1969-70 

1968-69 

1967-68 

Eagle 

7,794 

478 

6.1 

6.2 

5.2 

4.1 

Garfield 

14,977 

852 

5.7 

4.7 

4.6 

4.4 

Mesa 

54,843 

6,391 

11.7 

8.6 

7.7 

7.2 

Pitkin 

6,569 

65 

1.0 

0.9 

1.7 

1.1 

Rio  Blanco 

4,884 

282 

5.8 

4.8 

4.1 

3.8 

Five-County 

Region 

89,067 

8,068 

6.06 

5.04 

5.66 

4.12 

Colorado 

2,264,337 

211,095 

9.3 

7.2 

6.7 

6.4 

LOCAL  TAX  BASE  AND  INFRASTRUCTURE  SITUATION 

Table  111-24  shows  the  tax-base  situation  in  the  five  Colorado  counties. 
Valuations  in  all  counties  have  increased  recently,  reversing  some  prior 
declines .    It  is  worth  noting  that  the  two  counties  expected  to  receive  the 
major  development  impacts  also  have  the  lowest  per-capita  assessed  valuations 
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TABLE  111-24 

VALUATION  AND  TAXES  LEVIED,    INCLUDING  AVERAGE  MILL  LEVIES 

FOR  COUNTIES  AND  TOTAL  AVERAGE  LEVIES   FOR    1973    (32) 


County 

1973 

Valuation 
$ 

Total 

Revenues 

$ 

County 

Mill 

Levy 

$ 

Average 

Municipal 
Levy 
$ 

Average 

School 

Levy 

$ 

Average 
Special 
Levy 
$ 

Total 
Average 
County 
Levy 
$ 

Estimated 

1973 
Population 
Number    (a) 

Per 
Capita 
Assessed 
Valuation 
S 

Eagle 

41,092,270 

3,756,201 

12.44 

7.81 

50.75 

3.35 

79.76 

8,700 

5,413 

Garfield 

48,016,760 

3,429,282 

18.00 

4.22 

48.36 

1.26 

71.42 

16,500 

2,910 

Mesa 

118,421,330 

9,877,379 

16.85 

14.51 

53.28 

2.29 

83.41 

58,000 

2,042 

Pitkin 

60,807,630 

3,720,803 

16.70 

3.60 

35.25 

2.74 

61.19 

7,400 

8,217 

Rio  Blanco 

66,872,020 

3,286,012 

10.30 

32.35 

33.65 

.97 

49.13 

4,900 

13,647 

Colorado 

6,687,980,620 

515,362,672 

15.62 

12.54 

49.16 

1.82 

77.05 

2,452,150 

2,727 

(a)     Colorado  Department  of  Public  Health  Estimate. 


With  regard  to  infrastructure  or  social  support  systems,  existing  data 
indicate  that  all  school  districts  have  a  "cushion"  of  unused  bonding 
capacity  that  might  be  utilized  to  finance  new  schools,  in  addition  to  some 
existing  underutilized  capacity. 

Existing  health,  sewer,  water,  police,  transportation,  and  other  infrastruc- 
ture systems  can  generally  be  rated  adequate  for  the  existing  population. 
However,  none  are  capable  of  serving  the  projected  growth,  which  implies 
that  expansion  of  these  systems  will  cause  some  stress  in  rapid  growth  areas, 
without  oil  shale. 

Tables  111-25  through  111-27  summarize  the  present  situation  with  respect  to 
schools,  vital  statistics  and  health  facilities,  and  manpower.    Two  studies 
have  indicated  that  sewer  and  water  facilities  in  Glenwood  Springs  and  Grand 
Junction  are  capable  of  absorbing  increased  growth.    Other  communities 
along  the  expected  development  corridor  are  believed  to  be  operating  at  or 
near  capacity.    Though  several  engineering/expansion  studies  are  underway, 
the  lack  of  water  meters  and  other  measuring  devices  obscures  the  real 
capacity  of  the  systems  in  the  smaller  communities. 
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TABLE   111-25 
SCHOOL  DISTRICT  INFORMATION 


(33) 


1976 

Enrollment 

1975 

Outstanding 

R  email 

County,    School 

(ADAE) 

Total  School 

Assessed 

Bonded 

Bonding 

District,   and  Number 

Oct.,    1975 

Mill  Levy 

Valuation 

Principal 

Capacity    (1) 

EAGLE 

Glenwood  Springs   -  Re-l(J) 

#  2,958.9 

45.50 

$  47,597,870 

4,780,000 

4,739, 

Eagle  -  Re-50(J) 

1,669.1 

57.25 

62,255,450 

8,305,000 

4,  146,090 

Total 

1,669.1 

GARFIELD 

Glenwood  Springs   -  Re-1  (J) 

2,958.9 

45.50 

47,597,870 

4,780,000 

4,73<j      14 

Rifle  -  Re-2 

1,488.1 

45.17 

16,238,560 

None 

3,247 

Grand  Valley   -   16 

169.2 

71.79 

3,562,460 

114,000 

598,492 

DeBeque  -   49  (J) 

#       145 

4,417,920 

88,745 

3,165 

Eagle  -  Re-50(J) 

#   1,669.1 

62,255,450 

8,305,000 

4,146,090 

Total 


4,616.2 


MESA 

DeBeque  -  49 (J) 
Collbran  -  50 
Delta  -   50 (J) 
Grand  Junction  -   51 


145 
268.7 
#  3,929 
12,499.6 


Total 

12,913.3 

PITKIN 

Aspen  -    1 

1,354.9 

Glenwood  Springs 

-  Re-1  (J) 

#  2,958.9 

47.49 
38.20 
39.24 
45.94 


36.06 
45.50 


4,417,920 

5,395,600 

40,621,720 

133,291.150 


64,191,740 
47,597,870 


82,000 

38,000 

61,000 

2,730,000 


3,110,000 
4,780,000 


3,165,712 

1,041,120 

8,063,344 

23,928,230 


9,728,348 
4,739,574 


Total 


1,354.9 


KIO  BLANCO 
Meeker  -  Re-1 
Oak  Creek  -  Re-3(J) 
Rangely  -  Re-4 

Total 


655.3 

42.11 

20,943,720 

925,000 

3,263,744 

# 

414.5 

44.38 

14,987.010 

None 

2,997,402 

# 

533.6 

10.45 

150,493,590 

275,000 

29,823,718 

l.U 


*  Data  are  based  on  1976  School  District  budget  reports.      Figures  may  change  at  any  time  due 
to  private  development,    passage  of  school  bond  issues,    etc. 

(1)    Total  bonding  capacity  is  equal  to  20  percent  of  assessed  valuation  minus  existing  bonded 
indebtedness. 

"(J)"   Indicates  that  the  district  is  joint  with  another  county. 

"    #   "   Indicates  that  the  number  was  not  added   in  because  the  headquarters  of  the  district  in 
question  is  in  another  county. 
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TABLE  111-26 
VITAL  STATISTICS  AND  LEADING  CAUSES  OF  DEATH  (34) 


EAGLE 

GARFIELD 

MESA 

PITKIN 

RIO  BLANCO 

COLORADO 

Vital  Statistics:      1972 

Population    (estimate) 

8,400 

16,100 

56,300 

7,200 

4,700 

2,357,700 

Live  Births 

No. 
Rate 

149 
17.7 

263 
16.3 

837 
14.9 

108 
15.0 

74 
15.7 

38,585 
16.4 

Low  Birth  Weight 
(-5i  lbs.) 

No. 
Rate 

16 
10.7 

32 
12.2 

72 
8.6 

11 
10.2 

6 
8.1 

3,563 
9.2 

Total  Deaths 

No. 
Rate 

46 
5.5 

143 
8.9 

561 
10.0 

26 
3.6 

38 
8.1 

17,856 
7.6 

Infant  Deaths 

No. 
Rate 

6 
40.3 

5 
19.0 

11 
13.1 

1 
9.3 

1 
13.5 

678 

17.6 

Neonatal  Deaths 

No. 
Rate 

6 
40.3 

3 

11.4 

8 
9.6 

- 

1 
13.5 

487 

12.6 

Perinatal  Deaths 

No. 
Rate 

8 
53.0 

7 
26.2 

24 
28.1 

- 

1 
13.5 

1,070 
27.3 

Marriages 

Mo. 
Rate 

61 
7.3 

161 
10.0 

595 
10.6 

141 
19.6 

49 
10.4 

27,095 
11.5 

Dissolutions  and 
Annulments 

No. 
Rate 

18 
2.1 

12 
0.7 

324 
5.8 

53 
7.4 

19 
4.0 

12,604 
5.3 

Leading  Causes  of  Death: 

1972 

Heart  Disease 

No. 
Rate 

13 
154.8 

53 
329.3 

204 
362.3 

7 
97.2 

9 
191.5 

6,291 
266.8 

Malignant  Neoplasms 

No. 
Rate 

5 
59.5 

22 
136.6 

102 
181.2 

2 
27.8 

6 
127.7 

2,877 
122.0 

Cerebrovascular 
Disease 

No. 
Rate 

4 
47.6 

11 
68.3 

79 
140.3 

3 

41.7 

3 
63.8 

1.687 

71.6 

Accidents 

No. 
Rate 

9 
107.1 

8 
49.7 

29 
51.5 

8 
111.1 

8 
170.2 

1,380 
58.5 

Women  in  Need  of  Family 
Planning  Services: 

1973 

252 

542 

2,310 

276 

199 

76,723 
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TABLE  111-27 
HEALTH  FACILITIES,  MANPOWER,  AND  SCHOOL  INFORMATION   (34) 


EAGLE 


GARFIELD 


Health  Care  Facilities: 


1972 


No.   of  Hospitals 

Licensed  Bed  Capacity 

of  Long-Term  Care  Facilities 

Licensed  Bed  Capacity 
Mental  Health  Facilities 

Health  Manpower:       1972 
""Physicians    (M.D.   and  D.O.) 
R.N.    -  Practicing* 
L.P.N  .   -  Practicing** 
Dentists 
Optometrists*** 
Chiropractors 
Psychologists 
Physical  Therapists    (1971) 

irmacists    (1971) 
R.N.    Employed  in: 

Hospitals 

Industry 

Nursing  Homes 

Offices 

Private  Duty 

Public  Health 

Schools 

Teaching 

Others 

Unknown 
R.N.   Not  Practicing* 
L.P.N.   Not  Practicing* 


6 

17 
5 

4 


12 
1 


21 

44 

14 
9 
4 
2 
3 


23 
6 


MESA 


2 

5 

62 

336 

4 

10 

146 

1,040 

1 

- 

21 

105 

77 

310 

24 

167 

13 

31 

3 

6 

4 

6 

- 

3 

61 

226 

41 

9 

1 

13 

11 


52 
44 


PITKIN 


RIO 
BLANCO     COLORADO 


1 
30 


19 

58 

2 

4 

1 


6 
10 

49 


16 


2 

81 

48 

10,099 

1 

201 

25 

17,942 

~ 

32 

4 

3,819 

26 

12,293 

12 

4,507 

5 

1,307 

3 

209 

- 

272 

- 

217 

- 

407 

3 

1,868 

20 

8,426 

- 

176 

2 

1,186 

2 

844 

- 

280 

1 

615 

2 

369 

- 

301 

- 

86 

- 

10 

8 

2,817 

1 

1,144 
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With  regard  to  governmental  costs,  recently  published  studies  (35)  indicate 
that  in  counties  experiencing  growth  (60  percent  increase  in  population)  ,  the 
per  capita  expenditures  by  local  governments  were  lower  than  for  stable  (no 
population  growth)  or  declining  counties  (loss  of  20  percent  of  population 
between  1960  and  1970)  .    Table  111-28  shows  per  capita  expenditures  by  type 
of  local  jurisdiction  for  each  of  the  three  types  of  counties.    The  data  also  indicate 
that  expenditures  are  lowest  in  growth  counties,  in  terms  of  their  percent  of 
total  personal  income  (Table  111-29)  . 

TABLE  111-28 

PER  CAPITA  EXPENDITURES 

BY  TYPE  OF  LOCAL  JURISDICTION  -   1970    (36) 


GROWTH 

STABLE 

DECLINING 

COUNTIES 

COUNTIES 

COUNTIES 

School  Districts 

$198.60 

$168.40 

$197.40 

Counties 

68.60 

98.30 

177.20 

Municipalities 

66.70 

90.70 

59.40 

Special  Districts 

32.00 

25.80 

17.10 

TOTAL 


$365.90 


$383.20 


$451.10 


TABLE  111-29 
TOTAL  EXPENDITURES  BY  TYPE  OF   LOCAL  JURISDICTION 
AS  A  PERCENT  OF  TOTAL  PERSONAL  INCOME  -   1970    (36) 


GROWTH 

STABLE 

DECLINING 

COUNTIES 

COUNTIES 

COUNTIES 

School  Districts 

6.6% 

7.5% 

11.8% 

County  Governments 

2.3% 

4.4% 

10.6% 

Municipalities 

2.2% 

4.0% 

3.5% 

Special  Districts 

1.1% 

1.1% 

1.0% 

TOTAL 

12.2% 

17.1% 

26.9% 
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In  conclusion,  it  appears  that  in  three  of  the  counties,  additional  revenues 
could  be  generated  by  taxing  property  at  "average"  levels.    Further,  the 
projected  growth  will  likely  facilitate  a  "lightening  of  the  load"  as  economies 
of  scale  are  achieved  in  the  growing  towns  and  counties.    Extension  of  current 
trends  suggests  that  incomes  will  also  increase. 

ATTITUDES  AND  VALUES 

The  following  summary  of  major  findings,  based  on  a  survey  of  attitudes  in 
Garfield,  Mesa,  and  Rio  Blanco  counties,  best  describes  attitudes  and  values 
within  those  counties  (35)  . 


"Although  the  principal  advantage  of  living  in  the  area  was  seen  as  the 
climate,  'people  factors'  were  regarded  as  very  important,  especially  by 
public  officials.    A  large  number  of  residents  were  impressed  by  the 
general  friendliness  of  people  in  the  area,  the  casual  atmosphere,  and 
the  small  communities.    In  keeping  with  those  charms  was  the  lack  of 
congestion  in  the  region.    The  climate  and  the  general  character  of  the 
communities  in  the  area  were  responsible  for  most  residents  preferring 
Western  Colorado  over  any  other  location  as  a  place  to  live. 

"When  asked  to  describe  their  day-to-day  life  the  three  most  commonly 
used  words  were  'happy1,  'conservative',  and  'easy'.    Comparisons  with 
the  Harris  Alienation  Index  indicated  that  residents  perceived  themselves 
as  having  much  more  control  over  their  immediate  environment  than  does 
the  average  U.S.  citizen  . 

"The  favorite  leisure  time  activities  were  fishing,  working  around  the 
house,  and  reading  -  either  the  Grand  Junction  Daily  Sentinel  or 
periodicals  such  as  the  Reader's  Digest,  Time,  and  National  Geographic. 
Other  common  pursuits  were  gardening  and  watching  television. 

"The  complaints  about  the  day-to-day  life  varied  by  location.    Glenwood 
Springs  and  Grand  Junction  residents  criticized  the  high  cost  of  living . 
In  the  latter  community  there  was  some  apprehension  about  low  wages  and 
a  general  shortage  of  employment  opportunities.    The  citizens  of  Meeker 
were  less  distraught  about  economic  conditions,  and  instead,  complained 
of  a  lack  of  shopping  and  entertainment  facilities.    Those  perceived  disad- 
vantages were  seen  by  both  the  general  public  and  the  public  officials . 

"The  greatest  fears  for  the  future  involved  the  potential  negative  effects 
of  extremely  rapid  growth.    Uncontrolled  growth  was  a  source  of  anxiety 
for  both  residents  and  public  officials .    Both  groups  also  feared  the 
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consequences  of  inadequate  planning  for  the  future.    Future  air  and  water 
pollution  were  also  sources  of  concern,  while  the  public  officials 
expressed  some  anxiety  about  possible  water  shortages. 

"The  principal  local  priority  areas  were  viewed  as  the  local  economy  and 
education .    Those  two  areas  were  also  regarded  as  important  by  the 
public  officials,  although  that  group  of  individuals  gave  education  a 
higher  priority  than  that  assigned  to  the  local  economy.    The  need  for 
thoughtful  planning  and  zoning  was  twice  as  important  to  the  local 
officials  as  it  was  to  the  general  public. 

"Reactions  to  Specific  Aspects  of  Life  in  the  Area 

"1.    Employment 

"Nearly  half  of  the  households  in  the  region  found  both  husband  and  wife 
employed.    Generally,  the  employed  residents  were  younger,  better 
educated,  and  more  affluent  than  were  the  unemployed  individuals. 

"Two-thirds  of  the  residents  indicated  that  it  was  difficult  to  find  employ- 
ment in  the  region.    However,  that  dire  employment  outlook  was  not 
shared  by  public  officials. 

"Many  residents  complained  of  the  low  wage  scale  in  the  area,  stating 
that  wages  in  the  region  were  lower  than  were  found  elsewhere, 
particularly  in  the  larger  metropolitan  areas. 

"One  out  of  five  families  had  seen  a  family  member  leave  the  area  in  order 
to  find  employment.    In  many  instances  the  exodus  was  the  result  of  a 
lower  wage  structure  rather  than  an  absolute  shortage  of  employment 
opportunities. 

"2 .    Public  schools 

"The  quantity,  as  well  as  the  quality,  of  the  local  educators  generally  met 
with  approval.    However,  the  public  schools  were  seen  as  doing  a  better 
job  of  preparing  children  for  college  than  they  were  in  preparing  them 
for  a  specific  vocation  or  to  cope  with  problems  of  the  present  day  world. 
Public  officials  were  more  charitable  in  their  ratings  of  the  local 
educational  system  than  were  the  members  of  the  general  public.    The 
primary  area  of  improvement  was  seen  as  the  provision  of  better  voca- 
tional training  in  the  local  schools. 

"3.    Transportation  and  roads 

"There  was  general  agreement  that  highway  and  street  maintenance  needs 
to  be  improved  in  the  area. 

"The  perceived  need  for  public  transportation  varied  from  county  to  county. 
There  was  some  need  for  public  transportation  expressed  in  Mesa  and 
Rio  Blanco  Counties,  but  little  support  for  such  facilities  in  Garfield  County 
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"Tighter  land  regulations  were  supported  in  Garfield  and  Mesa  Counties, 
but  were  opposed  by  Rio  Blanco  County.  That  pattern  was  also  true  for 
public  officials  in  those  three  counties. 

"The  general  public,  as  well  as  the  public  officials,  differed  with  regard 
to  the  desirability  of  clustered  housing  with  shared  open  space.    The 
general  public  opposed  such  developments,  whereas  public  officials 
often  supported  them . 

"Most  residents  desired  some  degree  of  population  growth  versus  a  main- 
tenance or  decrease  in  present  population  levels.    They  also  opposed  the 
imposition  of  curbs  on  population  growth.    However,  the  maximum 
desirable  growth  expressed  by  most  urban  residents  in  the  area  ranged 
from  34  to  89  percent.    Such  growth  levels  would  probably  not  alter  the 
present  life  styles  of  the  residents  to  any  measurable  extent." 


It  should  be  noted  that  Eagle  and  Pitkin  counties  were  not  included  in  the 
survey.    As  a  result  the  preceding  summary  may  be  biased  toward  develop- 
ment or  economic  growth  objectives,  due  to  the  slower  growth  and  different 
population  composition  in  the  sampled  counties.    Different  recreational 
pursuits   (skiing)  ,  reading  behavior,  and  greater  environmental  concerns 
would  likely  moderate  the  summarized  attitudes. 

One  other  aspect  of  attitudes  and  values  should  be  noted.    Rapid  growth 
within  the  five-county  area,  regardless  of  its  primary  cause,  may  cause  the 
national  public  to  exert  influences  through  several  types  or  levels  of  govern- 
mental regulation  to  protect  the  scenic  and  other  natural  qualities  of  the 
area.  Because  of  the  lack  of  success  in  protecting  these  values  held  by  the  non- 
resident national  public,  it  is  entirely  possible  that  support  for  protective 
programs  and  funding  will  be  directed  toward  those  areas  retaining  more 
of  their  natural  characteristics  and  beauty  and  away  from  the  five-county 
impact  area. 


111-93 


REGIONAL  SETTING 

SUMMARY 

Life  and  the  economy  of  the  region  are  primarily  dependent  on  agriculture, 
tourism,  tourism-induced  construction,  manufacturing,  mining,  and  oil  and 
gas  production.    In  addition  to  these  basic  industries,  there  is  a  well- 
developed  local  services  sector . 

The  region  is  experiencing  a  period  of  social  and  economic  transition  and 
growth.    Agriculture,  still  a  significant  part  of  the  economy,  is  declining 
in  all  three  counties .    Consistent  with  trends  in  the  rest  of  the  state  and 
nation,  there  has  been  a  steady  decrease  in  the  number  of  small  farms  and 
ranches  and  an  increase  in  the  size  of  ranching  and  family  units.    At  the 
same  time,  construction  and  service  industries  have  rapidly  grown  in 
importance,  primarily  as  a  result  of  increased  tourism. 

Though  Grand  Junction  is  the  recognized  economic  center  of  a  large  trade  area 
including  much  of  western  Colorado  and  eastern  Utah  and  is  the  largest 
city  in  the  region,  recent  growth  and  change  have  been  centered  around  the 
recreation/tourism  communities  in  the  mountains  to  the  east.    With  the  region 
heavily  dependent  upon  other  urban  centers  for  manufactured  goods,  whole- 
sale trade,  and  financial  and  other  services,  change  is  underway  with  the 
values  and  life  styles  of  new  immigrants  and  nonresidents  moderating  the 
former  rural/western  character  of  the  region  (35)  . 

A  major  socio-cultural  change  is  underway  as  new  people  (or  local  people 
educated  outside  the  region)  begin  to  express  their  values  and  goals  in 
both  the  political  and  social  arenas.    Since  some  of  the  new  residents  want 
to  protect  the  natural  beauty  and  rural  character  of  the  region  even  more  than 
longer-term  residents  (the  trap-door  syndrome)  ,  a  socio-political  clash  is 
expected  between  those  persons  who  want  to  see  the  region  developed  for 
certain  ends  and  those  who  want  to  preserve  it  as  it  is .    Development  and 
growth  may  be  regulated  or  slowed  but  it  is  doubtful  that  the  growth  and 
changes  underway  in  the  region  will  be  stopped. 
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TERMINAL  FACILITIES  AND  SERVICE  CORRIDOR 
TOPOGRAPHY   (37) 

There  are  several  landform  units  in  the  Parachute  Creek  canyon 
(Figure  111-26)    (37)  . 

Lateral  tributaries  to  Parachute  Creek  have  formed  numerous  alluvial  fans 
as  their  sediment  load  was  deposited  upon  reaching  the  Parachute  Creek  valley, 
The  fans  are  sites  of  active  sediment  movement  and  deposit  and  are  crossed 
by  numerous  intermittent  streams . 

Years  of  accumulation  of  rock  debris  spilling  from  the  cliffs  has  produced 


huge  talus  slopes  which  occupy  a  large  portion  of  the  sides  of  the  major 
valleys.    The  slopes  are  steep  (30    -40    inclination)  and  particularly 
unstable  if  they  are  naturally  or  artificially  undercut. 


The  cliffs,  which  dominate  the  landscape  in  the  Parachute  Creek  canyon,  are 
formed  by  the  resistant  marlstones  of  the  Parachute  Creek  Member  of  the 
Green  River  Formation.    Gradual  deterioration  (mass  wasting) ,  which  produces 
the  fine  talus  material  at  the  base  of  the  cliffs,  is  the  most  significant  form 
of  erosion,  although  weathering  of  the  marlstones  occasionally  results  in 
unpredictable  severe  slab  failures,  rock  falls,  and  rock  avalanches. 
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LANDFORM    UNITS 
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3-SLIP  AND  ROCKFALL    TERRAIN  (TALUS) 

4-WASATCH    FOOTSLOPES 

5-ALLUVIAL    FAN 

6-CHANNEL   LAND 


STRATIGRAPHY 
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Tgd   -  DOUGLAS    CREEK    MEMBER 

WASATCH     FORMATION 


FIGURE  111-26 
LANDFORM  UNITS  AND  STRATIGRAPHY  IN  PARACHUTE  CREEK  VALLEY 
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In  the  lower  portion  of  the  Parachute  Creek  valley  the  cliffs  are  simple  in 
form  (Figure  111-27)  .    In  the  upper  portion  of  the  valley,  however,  there  are 
two  different  tiers  of  cliffs  (Figure  111-28)  that  have  formed  on  two  distinct 
layers  of  oil-rich  marlstone  deposits.    The  upper  cliffs  are  continuous,  while 
the  lower  cliffs  become  discontinuous  in  the  southern  part  of  the  valley; 
both  sets  of  cliffs  contain  detached  joint-bounded  turrets,  which  add  to  the 
scenic  quality  of  the  valley . 

The  escarpment  is  classified  in  the  miscellaneous  land  types  as  "rock 
outcrop"   (38)  .    It  includes  areas  in  which  90  percent  or  more  of  the  exposed 
surface  is  barren  rock.    It  forms  or  includes  areas  of  fixed  bedrock  forming 
vertical  or  near-vertical  canyon  walls.    The  dominant  rocks  in  such  areas  are 
sandstone  and  shale  with  some  limestone  and  marlstone.    It  is  from  the 
unstable  face  of  these  formations,  through  mass  wasting,  that  the  talus  slopes 
are  formed.    This  type  supports  very  little,  if  any,  vegetation. 
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FIGURE  111-27 


Typical  topography  in  the  lower  canyon  of  Parachute 
Creek. 
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FIGURE  III- 28.      Characteristic  two-tiered  cliffs  in  the  upper  Parachute 
Creek  canyon. 

SOILS  AND  VEGETATION 

Many  vegetative  communities  are  present  within  the  Grand  Valley  area  and 
service  corridor  (Figures  111-29  and  111-30)  .    A  floodplain  scrub  community 
is  present  on  islands  and  sandy  points  along  the  Colorado  River  (Figure  111-31) 
Major  species  are  narrowleaf  cottonwood,  sandbar  willow,  skunkbush, 
cheatgrass,  and  yellow  sweet  clover.    This  type  will  eventually  develop  into 
a  cottonwood  forest  community  unless  impeded  by  frequent  flooding . 

The  cottonwood  forest  community  borders  the  Colorado  River  where  Parachute 
Creek  enters  (Figure  111-32)  .    The  major  tree  species  are  broadleaf  cotton- 
wood and  narrowleaf  cottonwood.    The  shrub  layer  consists  of  rabbitbrush, 
big  sagebrush,  and  skunkbrush.    In  the  understory,  cheatgrass,  western 
wheatgrass,  and  smooth  blue  aster  are  the  dominant  species. 
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FIGURE  III- 29 
VEGETATIVE  TYPES  IN  GRAND  VALLEY  AREA 
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FIGURE  111-30 
VEGETATION  IN  PARACHUTE  CREEK  VALLEY 
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FIGURE  111-31.      Colorado  River  floodplain  near  Grand  Valley 
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FIGURE  111-32.      Colorado  River  near  confluence  of  Parachute  Creek. 

Greasewood  shrub  communities  are  on  level  areas  near  the  mouth  of  the 
valley  (Figure  111-33)  .    Greasewood  is  dominant  with  shadscale,  a  secondary- 
species .    Cheatgrass  and  peppergrass  form  the  herb  layer. 

Along  Parachute  Creek  a  narrow  cottonwood/box  elder  gallery  forest  is 
present  (Figure  111-34)  ,  which  is  usually  only  100  to  150  feet  wide. 
Narrowleaf  cottonwood  and  box  elder  are  the  dominant  trees.    Dominant 
shrubs  are  western  virgin's  bower  and  Wood's  rose.    A  vast  number  of 
grasses  and  forbs  are  present,  but  the  most  common  are  Kentucky  bluegrass 
and  dandelion. 
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FIGURE  111-33.      Greasewood  on  alluvial  soil. 

A  Gambel  oak  woodland  is  normally  adjacent  to  the  gallery  forest.    Associated 
with  the  oak  is  chokecherry  and  Utah  juniper.    Oakbrush  sprouts,  skunk- 
bush,  serviceberry,  and  western  virgin's  bower  comprise  an  extremely 
dense  understory.    The  herb  layer  is  composed  of  Oregon  grape  and 
Kentucky  bluegrass. 

Agricultural  lands  are  located  in  the  Colorado  River  floodplain  and  adjacent 
to  Parachute  Creek  in  the  Parachute  Creek  canyon  (Figure  111-35)  .    Hayfields 
and  pasture  constitute  the  greatest  amount  of  agricultural  land.    The 
primary  hay  crop  is  irrigated  alfalfa,  which,  in  good  years,  can  be  cut 
several  times  during  the  growing  season.    The  soils  are  generally  silty 
clay  loams  which  would  be  covered  with  greasewood  if  not  cultivated . 
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FIGURE  111-34.      Cottonwood/box  elder  gallery  forest. 
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FIGURE  111-35.      Agriculture  lands.    This  view  looks  north  over  Grand 
Valley  at  the  lower  end  of  the  service  corridor  and  the 
probable  terminal  facilities  site. 

Big  sagebrush  communities  occupy  the  alluvial  fans  on  both  sides  of  the 
valley  (Figure  111-36)  .    Other  species  present  are  cheatgrass,  Indian  rice- 
grass,  and  bottlebrush  squirreltail. 

Mixed  alluvial  land  includes  areas  of  unconsolidated  alluvium,  varying 
widely  in  texture  and  profile  characteristics  as  a  result  of  stream  overflow. 
It  has  remained  in  place  long  enough  for  plants  to  have  become  established 
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FIGURE  111-36.      Sagebrush  community  on  alluvial  fan. 

but  not  long  enough  to  develop  a  profile.    It  has  no  profile  other  than  a 
darkened  surface  or  "Al"  horizon  due  to  organic  remains.    This  soil  is 
referred  to  as  a  "miscellaneous  land  type"   (38)  .    These  soils  occur  as 
narrow,  elongated  areas  on  the  floodplains  of  streams.    They  are  moderately 
productive,  but  susceptible  to  erosion,  and  are  not  normally  well  suited  to 
construction,  drain  fields,  or  roads  due  to  their  unstable  nature. 

The  talus  slopes  (Figure  111-37)  fall  into  the  miscellaneous  land  type 
"colluvial  land."    This  type  is  dominantly  barren,  or  near  barren, 
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FIGURE  111-37.      Talus  slopes  support  variable  amounts  and  kinds  of 
vegetation,  depending  on  exposure  and  available 
moisture. 

accumulations  of  rock  formed  as  fans  or  aprons  at  the  base  of  steep  areas. 
Gravity  is  the  dominant  influence  in  forming  these  deposits .    Because  of 
the  mechanism  of  formation,  these  slopes  contain  a  mixture  of  shale,  sand- 
stone, and  marlstone.    Agents  causing  this  process  include  frost  action, 
undercutting,  and  soil  or  snow  slides.    Because  of  the  high  degree  of 
permeability,  erosion  is  not  a  problem,  but  constant  creep  and  instability 
of  talus  slopes  pose  a  potential  for  severe  erosion.    (38)  . 
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A  mountain  shrub  community  is  found  on  northerly  facing  slopes  just 
below  the  cliffs   (Figure  111-38)  .    Mountain  mahogany  is  the  dominant  shrub 
while  serviceberry  is  secondary  with  Mormon  tea  and  Oregon  grape.    Clover, 
tansy  mustard,  and  mountain  peppergrass  form  the  main  ground  cover. 


FIGURE  111-38.      North-facing  talus  slopes. 

Douglas  fir  forests  are  on  steep  northerly  facing  slopes,  usually  under  or  in 
the  cliffs  (Figure  111-39)  .    Douglas  fir  is  the  only  tree  species  in  these  stands 
Snowberry,  mountain  maple,  and  wax  currant  are  the  main  shrubs.    Very 
few  herbs  or  grasses  are  present  in  this  vegetative  type. 
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FIGURE  111-39.      Douglas  fir  forest  on  steep,  north-facing  slopes 


The  Indian  ricegrass  community  is  present  on  the  upper  portions  of  the  talus 
and  scree  slopes  (Figure  111-40)  .    Some  sagebrush,  shadscale,  cheatgrass, 
and  umbrella  plant  are  also  found .    This  is  a  sparse  plant  association  on  a 
very  dry  site. 
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FIGURE  111-40       South-  and  west-facing  talus  slopes. 
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A  variation  of  the  mountain  shrub  community,  dominated  by  service- 
berry /oak  occurs  on  south-facing  slopes  which  have  talus  and  scree  cover 
(Figure  111-41)  .    The  shrub  composition  is  the  main  difference  between 
this  type  and  the  mountain  mahogany  community .    On  the  scree  slopes 
oceanspray  is  common  as  well  as  bedstraw  and  cheatgrass. 


**L 


«i* 


FIGURE  111-41.      East-  and  southerly-facing  talus  slopes 
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Pinyon-juniper  woodlands  occupy  the  relatively  stable  intermediate  slopes 
throughout  the  Parachute  Creek  canyon  (Figure  111-42 )  .    The  shrub  layer 
consists  of  serviceberry  and  mountain  mahogany.    The  ground  layer  has  a 
sparse  scattering  of  clover  and  mustard . 


FIGURE  111-42.      Pinyon-juniper  woodlands 
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The  Utah  juniper  type  (Figure  111-43 )  is  open  and  occurs  at  the  mouth  of  the 
Parachute  Creek  canyon  and  on  the  lower  slopes  throughout  the  Parachute 
Creek  valley.    There  is  virtually  no  shrub  layer  and  the  ground  layer  is 
also  extremely  sparse.    The  around  or  herb  laver  consists  of  annual  forbs. 


FIGURE  111-43  .      Utah  j  uniper  type , 


The  mixed  shrub  community  (Figure  111-44)  is  on  the  very  steep  slopes  of  the 
Parachute  Creek  valley.    Shadscale,  Nuttall's  saltbush,  and  four-winged  salt- 
bush  are  found  in  this  community.    The  herbaceous  layer  is  extremely  sparse, 
but  does  contain  Indian  ricegrass,  cheatgrass,  squirreltail,  and  slender 

wheatgrass. 
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FIGURE  111-44.      Parachute  Creek  valley  mixed  shrub  community 
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Colluvial  and  alluvial  soils  at  the  base  of  the  talus  slopes  (Figure  111-45)  are 
well  drained  and  moderately  deep .    These  lower  slopes  vary  from  relatively 
level  adjacent  to  the  valley  floor  to  as  steep  as  30  percent  adjacent  to  the 
talus  slopes. 


FIGURE  111-45 .      Colluvial  site  at  base  of  talus  slopes  in  the  Parachute  Creek 
canyon . 

The  loamy  soil  material  in  the  surface  layer  contains  up  to  60  percent  small  . 
shale  fragments  and  often  has  a  surface  pavement  of  shale  fragments.    Sub- 
soils are  a  grayish-brown  loam  or  sandy  loam  intermingled  with  rocks.    These 
soils  usually  support  a  heavy  growth  of  mixed  mountain  brush,  scrub  oak,  and 
sage.    On  the  more  gentle  slopes  these  soils  are  used  for  irrigated/nonirrigated 
pasture  or  croplands. 

A  mixed  deciduous  community  is  found  in  drainages  and  around  seeps  and 
springs  in  Parachute  Creek.    This  community  is  dominated  by  both  species 
of  cottonwood,  box  elder,  and  Gambel  oak  which  reaches  tree  size.    Skunkbush 
and  Wood's  rose  are  the  predominant  shrubs.    Around  springs,  semi-aquatic 
plants  are  abundant.    The  most  common  are  rush,  spikesedge,  and  reed. 
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THREATENED  &  ENDANGERED  PLANT  SPECIES 


There  are  two  species  of  plants  in  the  Parachute  Valley  which  can  be  considered 
endangered  (39)  .    They  are  yellow  columbine  (Aquilegia  micrantha)  and 
milkvetch  (Astragaus  lutosus)  .    One  species,  sullivantia  (Sullivantia  purpusi)  , 
is  considered  threatened  (39)  .    White  checkermallow  (Sidalcea  Candida)  is 
considered  rare  locally. 

Sullivantia  grows  in  very  specific  areas  and  is  relatively  restricted  in  its 
distribution  in  Colorado .    It  grows  on  wet  rocks  near  waterfalls  and  is 
apparently  limited  to  the  falls  area  of  the  Middle  Fork,  of  Parachute  Creek, 
Davis  Gulch,  and  the  East  Middle  Fork  of  Parachute  Creek  (40)  . 

Yellow  columbine  does  not  appear  to  be  so  limited  in  its  distribution  as 
sullivantia.    It  prefers  a  moist  rock  habitat  and  has  been  found  in  eight 
moist,  shady  locations  along  the  Middle  Fork  of  Parachute  Creek  and  Davis 
Gulch  (41)  . 

White  checkermallow  is  limited  to  moist  aspen  groves  mainly  on  the  Roan 
Plateau  and  has  been  noted  in  side  canyons  of  Davis  Gulch  and  the  Middle 
Fork  of  Parachute  Creek  and  in  Bear  Cabin,  Spring,  and  Corral  gulches  (41)  . 

Milkvetch  occurs  on  steep  shale  scree  slopes  and  has  been  found  in  Middle 
Fork  of  Parachute  Creek.    Previously  this  plant  had  been  reported  as  occurring 
only  within  the  White  River  drainage  farther  to  the  north  (40)  . 

FISH  AND  WILDLIFE 

The  wildlife  inhabitating  Parachute  Creek  canyon  is  numerous  and  varied.    The 
canyon  supplies  a  large  variety  of  habitats  and  is  a  very  important  area  in 
the  life  cycle  of  many  species .    The  populations  of  almost  all  of  the  species 
are  at  their  lowest  levels  during  June,  July,  and  August,  since  they  move 
to  higher  elevations  during  the  hottest  months. 
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Mule  deer  use  the  canyon  intensively  during  the  winter.    Many  hundreds  of 
deer  can  be  seen  in  the  winter  months  from  the  main  road .    Estimates  by  the 
Colorado  Division  of  Wildlife  show  a  density  of  54  deer  per  square  mile  in 
Parachute  Creek  during  the  winter.    It  has  been  estimated  that  approximately 
1,400  deer  died  of  starvation  during  the  winter  of  1972-1973  in  Parachute 
Creek  (2)  .    This  illustrates  the  importance  of  adequate  winter  range.    The 
adequacy  of  winter  range  is  one  of  the  major  limiting  factors  in  determining 
herd  size  and  health.    Small  bands  of  elk  use  isolated  portions  of  the  canyon 
for  wintering  grounds.    Small  mammals  are  varied  and  abundant  during 
various  times  of  the  year.    The  most  common  are  the  desert  cottontail, 
rock  squirrel,  least  chipmunk,  and  yellow-bellied  marmot.    A  large  number 
of  rodents  such  as  woodrats,  mice,  voles,  and  shrews  all  find  the  canyon 
an  excellent  habitat. 

Predators  such  as  the  mountain  lion,  black  bear,  bobcat,  kit  fox,  and  ring- 
tail cat  frequent  the  cliff  areas  and  more  secluded  spots.    Their  numbers  are 
not  large  and  they  are  only  rarely  observed.    The  coyote  ranges  over  the 
entire  area  and  maintains  a  stable  population. 

Up  to  75  species  of  birds  are  found  in  Parachute  Creek  canyon  due  to  the  mild 
climate,  nesting  locations,  and  a  varied  food  source  (42)  .    Raptors  find  the 
cliffs  an  ideal  nesting  area  and  the  agricultural  lands  provide  good  hunting 
grounds.    Such  birds  as  the  red-tailed  hawk,  golden  eagle,  bald  eagle,  and 
turkey  vulture  are  among  those  most  often  encountered .    A  pair  of  peregrine 
falcons  have  been  sighted  in  the  East  Fork  area  of  Parachute  Creek  (42)  . 
Aquatic  birds  find  Parachute  Creek  desirable  and  some  ducks  spend  the 
winter  there.    Ring-necked  pheasants  can  be  found  in  agricultural 
areas  but  are  not  abundant.    Chukar  partridge  are  found  on  the  dry, 
rocky  slopes  while  grouse  occur  in  the  Douglas  fir  area  of  the  upper  slopes 
and  shale  rims  .    Beaver  are  active  on  the  West  Fork  of  Parachute  Creek 
and  its  main  branch.    Racoon,  skunk,  and  weasel  are  located  mostly 
along  the  streams  in  the  canyon  but  are  not  considered  abundant. 
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Reptiles  form  a  large  part  of  the  total  wildlife  complex  and  find  the  dry,  south- 
facing  slopes  of  the  side  canyons  an  ideal  habitat.    The  reptiles  most  often 
encountered  are:    collared  lizard,  eastern  fence  lizard,  sagebrush  lizard, 
tree  lizard,  and  short- horned  lizard  (horned  toad)  .    The  tiger  salamander, 
leopard  frog,  Great  Basin  spadefoot,  and  Woodhouse's  toad  are  among  the 
amphibians  most  often  encountered  (43)  . 

Parachute  Creek  contains  only  four  species  of  fish.    Both  rainbow  and  cut- 
throat trout  occur  in  the  upper  portions  (Figure  111-20)  .    Fish  species  do 
not  occur  in  the  Middle  Fork  of  Parachute  Creek  above  its  confluence  with  the 
East  Middle  Fork  of  Parachute.    The  lower  streches  of  Parachute  Creek  are  dry 
during  the  hot  summer  months  due  to  lack  of  runoff  and  irrigation  water 
diversions.    The  closer  one  gets  to  the  Colorado  River,  the  less  trout  are 
present  due  to  lower  water  levels  and  higher  temperatures.    The  bluehead 
sucker  and  speckled  dace  occur  in  the  lower  portion  of  the  stream  (Figure  111-46) 

The  invertebrates  found  in  this  area  occupy  a  very  important  position.    They 
are  a  part  of  the  basic  food  chain  for  most  forms  of  life.    Not  only  do  they 
convert  certain  elements  and  materials  to  useable  forms  for  higher  forms  of 
life,  but  they  are  instrumental  in  the  decay  process.    A  partial  list  of 
invertebrates  is  found  in  Appendix  4. 

Examples  of  some  of  the  more  common  wildlife  species  found  in  Parachute 
Creek  canyon,  on  the  Roan  Plateau,  and  along  the  pipeline  route  are  shown 
in  Figure  111-47. 

AESTHETICS   (2) 

Traveling  north  from  Grand  Valley,  the  western  wall  of  Parachute  Creek 
canyon  forms  most  of  the  view  because  of  the  curvature  of  the  stream 
(Figure  111-48)  .    Traveling  south,  approaching  Grand  Valley,  the  walls  of 
the  canyon  cease  to  dominate  the  view.    Battlement  Mesa  becomes  the  prominant 
focal  point  between  Starkey  Gulch  and  Grand  Valley.    On  its  lower  slopes, 
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FIGURE  111-46 
FISH  HABITAT  &  THREATENED  OR  ENDANGERED  PLANTS 
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FIGURE  111-47 
COMMON  WILDLIFE  SPECIES 
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FIGURE  111-48.      View  up  Parachute  Creek  shows  the  winding  nature  of 
the  stream . 
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farms,  ranches,  and  orchards  form  an  interesting  checkerboard  pattern. 

The  Parachute  Creek  valley  floor  also  becomes  a  pattern  of  irrigated  fields,  dry 

pastures,  and  winding  stream  bottoms. 

In  the  lower  reaches  of  the  canyon,  red  colors  of  the  Wasatch  Formation 
contrast  vividly  with  the  olive  green  of  the  sparse  juniper  on  the  adjacent 
hillsides.    Farther  up  the  canyon,  rock  colors  generally  grade  from  light 
yellow  ochre  to  a  light  rust  color.    Darker  stains  or  bluish-white  colors  are 
occasionally  found . 

Vegetation  ranges  from  douglas  fir  on  the  canyon  rims  to  pinyon-juniper  on 
the  lower  slopes  where  it  intermingles  with  the  shrubs  and  grasses.    On  the 
valley  floor  the  native  forbs  and  grasses  contrast  with  the  dark  green  of  the 
irrigated  hayfields  and  the  deciduous,  tree-lined  creek  bottom. 

Changes  in  light  direction  or  intensity  cause  changes  in  the  appearance  of 
the  canyon  walls.    In  direct  light  the  canyon  wall  may  appear  in  great  detail, 
but  in  shadow  it  merges  into  a  single  bluish-green  color.    The  more  heavily 
vegetated  north-facing  slopes  appear  darker  in  contrast  to  the  almost  barren 
south-facing  slopes . 

In  winter,  the  upper  slopes  and  canyon  rims  are  white  with  snow  while  the 
valley  floor  on  which  snow  cover  is  of  less  duration  has  a  grayish  hue. 

Fall  colors  in  the  canyon  display  a  remarkable  array  of  red  oak,  yellow 
cottonwood,  green  conifers,  and  variegated  colors  from  the  shrubs  and  forbs. 

Middle  Fork  canyon  (Figure  111-49)  at  the  head  of  Parachute  Creek  is  a  very 
narrow  V-shaped  box  canyon  approximately  1 .5  miles  in  length.    The 
canyon  walls  are  formed  by  talus  slopes  which  are  topped  by  vertical 
cliffs  that  rise  800  to  1,000  feet  above  the  canyon  floor. 
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FIGURE  111-49.      View  toward  the  south  of  the  upper  part  of  Middle  Fork 
canyon. 

The  main  attractions  of  this  canyon  are  the  high,  vertical  cliffs  covered  with 
a  scattering  of  shrubs  and  douglas  fir  and  two  small  waterfalls .    One  water- 
fall is  at  the  head  of  the  Parachute  Creek  canyon  and  is  attractive,  though 
small,  producing  only  a  trickle  of  water  in  late  summer  and  fall.    The  other 
waterfall  comes  from  Davis  Gulch  and  is  about  800  feet  high.    As  with  the 
first  waterfall,  this  one  runs  only  a  trickle  of  water  during  most  years. 
In  the  spring  during  snowmelt  both  falls  may  be  spectacular  for  short 
periods. 

The  semi-works  plant  of  the  Colony  Development  Operation  is  located  in 
Middle  Fork  canyon  near  its  upper  end.    Here,  sites  have  been 
bulldozed  for  the  installation  of  buildings,  plant  structures,  storage 
areas,  parking  areas,  and  roads.    Also  on  the  plant  site  is  a  rock 
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pile  and  a  processed  shale  embankment.    A  road  to  the  mine  portal  climbs 
past  the  plant  and  has  turned  much  of  the  lower  part  of  the  east  wall  of  the 
canyon  into  cut  and  fill . 

Except  for  the  man-made  intrusions  and  the  limited  view  of  the  foreground, 
the  canyon  is  beautiful  in  almost  any  direction. 

MINE  AND  PLANT  SITE 

CLIMATE  AND  AIR  QUALITY 

The  climatic  characteristics  affecting  the  area  of  the  mine  and  plant  site 
were  defined  from  detailed  analyses  by  Metcalf  and  Eddy   (44)  of  site  and 
regional  weather  records.    Their  significant  findings  are  briefly  summarized 
in  the  following  paragraphs. 

'The  climate  at  the  site  is  semiarid  with  warm,  mild  summers  and  cold 
winters.    The  mean  average  daily  temperatures  were  estimated  to  be  21.5    F. 
for  January   (coldest  month)  ,  66.5    F.  for  July   (warmest  month)  ,  and  43.5    F. 
on  an  average  annual  basis. 

Wind  conditions  at  the  site  are  different  for  the  valley  and  canyon  areas, 
as  compared  to  areas  on  the  Roan  Plateau.    Winds  from  the  northwest  or 
down-valley  winds  are  most  prevalent  in  the  valley  and  canyon  areas; 
winds  from  the  southeast,  or  up-valley  winds,  are  next  in  frequency  of  occurrence 
(Figure  III  -  50)  .    Down-valley  wind  flow,  starting  about  sunset,  may  persist 
for  10  hours  in  winter  with  gentle  up-valley  wind  flow  starting  in  midmorning, 
but  lasting  for  shorter  periods.    Winds  from  the  southwest  to  southeast 
clearly  dominate  the  wind  pattern  of  the  plateau  areas.    The  plateau  areas 
generally  experience  higher  average  wind  speeds   (by  a  factor  of  2  to  3  mph) 
and  much  fewer  periods  of  calmness  than  the  valley  and  the  canyon  areas. 

More  frequent  periods  of  light  winds  and  atmospheric  stability  in  the 
Parachute  Creek  valley  tend  to  form  temperature  inversion  layers,  especially 
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FIGURE  111-50 

WIND  DIRECTION  AND  SPEED  ON 

THE  DOW  WEST  PROPERTY  (45) 
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pronounced  in  the  winter  months .    The  general  mechanism  of  the  formation 
of  the  inversion  layers  is  briefly  explained  earlier  in  this  chapter  in  the 
Climate  and  Air  Quality  section  for  the  Regional  Setting .    Winter  snow  cover 
reduces  normal  heat  loss  from  nighttime  radiation  and  tends  to  magnify  inversion 
effects.    Specific  data  on  frequency  and  duration  of  temperature  inversions 
are  not  available  for  the  mine  and  plant  site. 

General  storms  occurring  at  the  mine  and  plant  site  are  long-duration,  low- 
intensity  storms  that  provide  the  greatest  part  of  the  annual  precipitation. 
These  moist  air  masses  usually  arrive  from  a  southwesterly  direction,  having 
originated  in  the  Gulf  of  California  region . 

Summer  thunderstorms  provide  less  precipitation  than  general  storms  and 
are  characterized  by  their  small  areal  extent  (2  to  3  miles  in  width)  ,  briefness, 
and  high  intensity.    The  average  number  of  thunderstorm  days  over  the  area 
for  July  and  August  has  been  estimated  at  11  and  10,  respectively. 

The  normal  annual  precipitation  at  the  mine  and  plant  site  is  estimated  to 

be  16  inches.    Precipitation  throughout  the  year  is  fairly  uniform,  with 

the  winter  season  receiving  slightly  more  precipitation  (normally  in  the  form 

of  snow)  than  the  summer .    Slightly  over  50  percent  of  the  annual  precipitation 

is  received  in  the  form  of  snow. 

Evaporation  is  the  major  source  of  water  loss  over  the  mine  and  plant  site,  as  is 
common  for  all  areas  with  semiarid  climates .    The  total  normal  annual  evaporation 
for  the  area  is  estimated  to  be  13.7  inches.    This  total  represents  the  sum 
of  evaporation  from  snow,  evapotranspiration,  and  bare  soil. 

In  an  average  snow  year,  about  30  inches  of  snow  (with  a  water  content  of 
9  inches)  will  accumulate  over  the  mine  and  plant  site.    Snowmelt  normally 
begins  in  late  March  and  ends  approximately  six  weeks  later. 
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Colony  began  air  quality  monitoring  on  the  Dow  West  property  in  1970  and 
has  since  contracted  this  activity  to  several  consulting  firms  (Dames  and 
Moore;  Marlatt  and  Associates;  and  Battelle,  Pacific  Northwest  Laboratories)  . 
Ambient  air  quality  data  obtained  at  the  site  of  the  semi-works  plant  in 
the  canyon  bottom  along  the  Middle  Fork  of  Parachute  Creek  were  evaluated 
by  Dames  and  Moore  (45)  and  universal  theoretical  estimates  for  concentrations 
of  air  pollutants  were  derived.    These  concentrations  are  regarded  to  be 
those  that  would  exist  if  human  activity  did  not  cause  an  increase. 

Meteorological  conditions  are  much  different  at  the  location  of  the  semi-works 
plant  compared  to  those  at  the  proposed  plant  site  on  the  Roan  Plateau . 
For  this  reason,  the  theoretical  estimates  for  concentrations  of  ambient 
air  pollutants  at  the  semi-works  plant  are  not  deemed  applicable  to  represent 
ambient  concentrations  at  the  proposed  plant  site. 

Air  quality  data  for  the  first  year  of  environmental  baseline  studies   (Nov. ,  1974 
through  Oct. ,  1975)  on  Oil  Shale  Tract  C-b  (5)  have  been  collected  from 
several  sites  on  the  Roan  Plateau,  approximately  15  miles  north-northwest 
of  Colony's  proposed  plant  site.    The  open,  high  location  of  Station  023 
(near  the  proposed  C-b  plant  site)  on  Tract  C-b  most  closely  approximates 
the  proposed  location  of  Colony's  plant. 

The  rounded  annual  averages  of  ambient  air  pollutant  concentrations  for 
Station  023  on  Tract  C-b  are  listed  in  Table  111-30.    These  data  represent  the 
best  available  estimate  of  ambient  concentrations  at  Colony's  proposed 
plant  site  and  are  much  more  applicable  to  the  site  than  the  previously 
derived  universal  theoretical  estimates  of  Dames  and  Moore  (45)  . 

The  average  ambient  pollutant  concentrations  in  Table  111-30  are  fairly  low; 
however,  relatively  high,  short-term  concentrations  of  most  of  the  pollutants 
can  also  be  expected  in  the  area .    While  the  area  is  largely  undeveloped  and 
rural  in  nature,  the  influence  of  man  or  nature  can  have  significant  short- 
term  effects  on  the  ambient  air  quality. 
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TABLE  111-30 
ANNUAL  AVERAGE  ESTIMATE  OF  AMBIENT  AIR  POLLUTANT 

CONCENTRATIONS   (5) 


POLLUTANT 


CONCENTRATION  (in  ugm/rrT) 


Sulfur  Dioxide  (SO   ) 
Hydrogen  Sulfide  (H2S) 
Nitrogen  Oxide  (NO) 
Nitrogen  Dioxide  (NO?) 
Methane  (CHJ 
Nonmethane  Hydrocarbons 
Carbon  Monoxide  (CO) 
Ozone  (OJ 
Particulates 


1.0 

1.5 

2.5 

1.5 

850* 

130* 

700* 

68 

10 
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The  global-average,  background  concentrations  for  S09  are  1  to  4  ugm/m 

3 
and  for  H2S  are  0.3  ug/m    .    Frequent  occurrences  of  relatively  high  ambient 

H2S  and  SO„  concentrations  in  the  area  may  be  attributed  to  the  existence 

of  nearby  natural  gas  production  operations  that  release  small  amounts 

of  H2S  with  the  natural  gas.    The  H~S  then  undergoes  rapid  oxidation  to  S02 

after  its  release  into  the  atmosphere. 


The  global-average,  background  levels  of  NO  are  0.25  to  2.15  ugm/m    and 

3 
for  N02  are  1.9  to  2.6  ugm/m    .    These  gases  are  known  to  be  emitted  by 

automobile  engines  as  well  as  by  other  combustion  processes;  and  higher-than- 

average  concentrations  of  these  gases  can  be  expected  near  such  activities. 


The  global-average,  background  levels  for  CH4  are  814  to  977  ugm/m    . 
The  nonmethane  hydrocarbon  concentrations  are  much  more  variable  than 
those  of  methane.    Automobile  traffic  in  the  area  is  one  source  of  hydro- 
carbons and  most  likely  affects  the  ambient  air  concentrations. 
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3 
The  global-average,  background  concentration  for  CO  is  100  to  200  ugm/m    . 

Ambient  carbon  monoxide  levels  are  considerably  above  this  giving  the 
impression  that  regional  atmospheric  concentrations  are  well  above  the 
global-average  concentration.    These  high  CO  levels  are  undoubtedly- 
influenced  by  automobile  traffic  in  the  Parachute  Creek  valley  and  possibly  the 
Grand  Valley . 

Ozone  is  considered  to  have  a  global-average,  background  level  of  40  to 
80  ugm/m    .    Ozone  is  a  constituent  of  the  urban  atmosphere  and  a  secondary 
pollutant  (it  results  from  atmospheric  reaction  involving  other  emitted  pollutants, 
mainly  hydrocarbons  and  nitrogen  oxides,  in  a  photochemically-induced 
reaction)  .    Stagnation  (prolonged  inversions)  can  provide  favorable 
conditions  for  ozone  formation  by  allowing  the  buildup  of  hydrocarbons  and 
NO    and  prolonging  the  period  in  which  reactions  can  occur . 

Concentrations  of  particulates  appear  to  exhibit  a  seasonal  trend,  with  the 
lower  concentrations  occurring  during  the  winter  months  when  snow  cover 
and  lower  wind  speeds  tend  to  reduce  the  amount  of  fugitive  dust  (5)  . 
Persistent  wind  speeds  of  10  to  15  mph  or  greater  contribute  toward  higher 
particulate  concentrations .    Soil  moisture  is  another  important  factor  affecting 
particulate  levels . 

GEOLOGY  AND  MINERAL  RESOURCES 

A  generalized  geologic  section  of  the  Green  River  Formation  and  adjacent 
formations  is  shown  in  Figure  111-51  for  the  area  of  the  Dow  West  property. 
All  of  the  exposed  rock  units  in  the  area  are  of  Early  Tertiary  age.    A  brief 
elaboration  of  the  descriptions  of  the  rock  units  in  Figure  111-51  will  be 
given  in  the  following  paragraphs. 

The  Uinta  Formation  is  buff -colored  and  consists  mostly  of  fluviatile 
sediments,  primarily  sandstones  with  minor  amounts  of  siltstones,  oil  shale, 
and  marlstones.    The  formation  is  poorly  cemented  and  relatively  porous 
and  this  produces  a  gentler,  less  resistant  topography.    The  unit  reaches 

III-129 


MINE  &  PLANT  SITE 


52 


«~^ 


00 

z 

Ul 

z 
*  - 

Ul 
111 

a: 
o 

ill 


S2 


i  "■ 

O  O 

-1  o 

o 

z  * 

UJ  U) 

Q  Sg 

<  UJ 

O  2 


Z 

i° 

II 


-1   *    LL 

3  111  o 

o  cc  *> 


ROAN  PLATEAU 


VARIABLE 
THICKNESS 


TUFFACEOUS   SILTSTONE  AND  SANDSTONE  WITH  MINOR  AMOUNTS   OF  LOW 
GRADE  OIL  SHALE  AND  BARREN    MARLSTONE 


PROPOSED 
'MINING 
INTERVAL 

MAHOGANY 
ZONE 


LOW  GRADE  TO  RICH  OIL  SHALE  CONTAINING  THIN   ANALCITIZED    TUFF 
BEDS  AND  THIN  SANDSTONE  BEDS,  FINELY  DISSEMINATED   DAWSONITE, 
PODS  OF  NAHCOLITE  AND  BEDS  OF  HALITE   AND  NAHCOLITE 


CALCAREOUS    SHALE   AND    OCCASIONAL    BEDS    OF    LOW-GRADE    OIL    SHALE 


BASICALLY   SANDSTONE  WITH  MINOR  AMOUNTS  OF  ALGAL   AND 
OOLITIC    LIMESTONE 


BRIGHTLY   COLORED  AND  EASILY   ERODED   CLAYS  AND  SHALES   WITH 
SOME  LENTICULAR   SANDSTONE   OUTCROPS 


FIGURE  111-51 

GENERALIZED  GEOLOGIC  SECTION 

OF  THE  GREEN  RIVER  AND 

ADJACENT  FORMATIONS  IN  THE 

DOW  WEST  PROPERTY  AREA    (3) 
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up  to  1,000  feet  in  thickness  in  the  Dow  West  property;   however,  its  entire 
thickness  is  not  exposed  because  its  upper  portion  has  been  eroded  away 
to  form  the  rounded  surface  of  the  Roan  Plateau . 

The  Parachute  Creek  Member  of  the  Green  River  Formation  is  approximately 
1,035  feet  thick  in  the  Dow  West  property.    It  consists  of  gray  to  dark-gray, 
thin-bedded  marlstones  inter  bedded  with  thin,  buff-colored  siltstones  and 
minor  thin,  white  beds  of  volcanic  tuff  and  algal  limestone.    The  marlstones 
contain  kerogen  and  are  referred  to  as  oil  shale.    The  richer  oil  shale  layers, 
which  are  darker  in  color  and  more  resistant  to  erosion,  form  the  massive 
cliffs  near  the  top  of  the  canyons  of  Parachute  Creek  and  its  tributaries. 

The  richest  oil-bearing  shale  within  the  Parachute  Creek  Member  is  referred 
to  as  the  Mahogany  zone  or  ledge.    This  zone  is  about  90  feet  thick  in  the 
Dow  West  property  (44)  and  occurs  in  the  upper-middle  portion  of  the 
Parachute  Creek  Member   (Figure  111-51)  . 

An  important,  and  rather  unusual,  "marker"  bed  within  the  Parachute 
Creek  Member  is  the  Mahogany  marker,  a  4-inch  thick  bed  of  gray  white 
volcanic  ash  (tuff)  .    This  marker    is  used  as  a  guide  in  geological  mapping 
because  of  its  persistent  occurrence  and  uniformity  in  the  upper  part  of 
the  Mahogany  zone.    The  Mahogany  marker  lies  about  4  to  5  feet  above 
the  proposed  60-foot  section  to  be  mined   (Figure  III- 51 )  . 

The  Garden  Gulch  Member  of  the  Green  River  Formation  is  the  oldest 

exposed  member  of  the  formation  on  the  Dow  West  property.    It  crops 

out  along  the  lower  part  of  East  Middle  Fork  of  Parachute  Creek  and  in  the 

Parachute  Creek  valley  south  of  the  property.    The  member  is  composed 

of  gray,  calcareous  shales  and  occasional  beds  of  low-grade  oil  shale. 

In  this  area  it  is  approximately  700  feet  thick;   however,  much  of  it  is  usually 

covered  by  talus. 

The  Douglas  Creek  Member  averages  about  450  feet  in  thickness  in  the  valley 
of  Parachute  Creek  and  consists  mostly  of  buff  sandstone  and  minor  amounts 
of  limestone  and  shale.    The  Wasatch  Formation  lies  below  the  Green  River. 
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Formation  and  forms  the  slope  base  in  the  lower  part  of  the  valley  of  Parachute 
Creek.    It  consists  of  brightly  colored  and  easily  eroded  clays  and  shales 
with  minor  amounts  of  sandstones . 

The  regional  structure  of  the  Piceance  Creek  Basin  is  locally  modified 
in  the  area  of  the  Dow  West  property.    A  shallow  syncline  to  the  southwest 
of  the  area  causes  the  strata  to  dip  very  gently  (0.2  )  to  the  southwest, 
or  about  50-60  feet  over  the  property. 

Joint  and  fracture  patterns  are  well  developed  in  the  Dow  West  property 
in  the  Parachute  Creek  Member  of  the  Green  River  Formation  and  the  Uinta 
Formation.    The  vertical  joint  system,  or  local  fractures,  bear  in  two 
general  directions,  east-west  (prominent)  and  north-south  (minor)  . 
In  the  Colony  pilot  mine,  joints  were  very  widely  spaced  (average  5  feet) 
and  mostly  tight  (44)  .    Toward  the  surface,  joints  become  closer  spaced 
and  slightly  opened. 

The  regional  fracture  system  tends  to  be  mostly  vertical  and  bears  in  four 
directions:    N  20°  E  and  N  20°  W  (prominent)  ,  and  N  60°  E  and  N  60°  W  (minor) 
Regional  fractures  are  expressed  as  topographic  linears  forming  stream  valleys 
and  their  tributaries  (44)  .    The  fractures  are  often  covered  by  alluvial  soils 
in  the  valleys  for  which  are  mainly  responsible  for  creating  through  the 
localization  of  erosion . 

The  vertical  joint  system  is  especially  well  developed  in  the  richest  oil- 
bearing  layers  within  the  Parachute  Creek  Member,  which  tend  to  form 
distinctive  cliffs  along  the  upper  sides  of  the  valleys  of  Middle  Fork  and  East 
Middle  Fork  of  Parachute  Creek.    These  impressive  cliffs  are  a  result  of 
prominent  jointing  .    Subsequent  erosion  enlarges  the  joints  to  open 
fissures  and,  lacking  protective  vegetation,  the  fissure-bound  blocks  in 
cliff  areas  may  become  unstable  and  fall. 

Some  large  resistant  blocks  within  the  Parachute  Creek  Member  have  been 
able  to  maintain  fixed  positions  in  spite  of  thorough  under-cutting  and/or 
removal  of  lateral  support  (46)  .    The  result  is  the  presence  of  enormous, 
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unstable  turrets  bounded  by  joint  surfaces.    An  example  of  one  unstable 
block  is  shown  in  Figure  111-52.    The  huge  blocks  are  capable  of  sudden 
collapse  as  evidenced  by  the  presence  of  large  angular  blocks  on  the  present 
talus  slopes.    The  positions  of  the  larger  unstable  blocks  are  plotted  in  Figure 
111-53. 


FIGURE  111-52       View  toward  a  large,  unstable  cliff  block  bounded  on 
the  left  by  a  prominent  joint  surface.    This  view  is 
toward  the  southeast  from  the  semi-works  plant. 

The  major  known  constituent  of  the  mineral  resources  in  the  Dow  West 
property  is  oil  shale.    The  richest  oil  shale  beds  occur  within  the  Mahogany 
zone  of  the  Parachute  Creek  Member  of  the  Green  River  Formation  (Figure  111-51] 
The  60-foot  section  in  the  upper  part  of  this  zone  which  Colony  proposes  to 
mine  averages  35  gallons  of  shale  oil  per  ton  of  shale.    This  represents  an 
in-place  resource  of  approximately  515  million  barrels  of  shale  oil  on  the 
4, 100-acre  proposed  mine  area. 

Reliable  resource  figures  for  shale  oil  below,  above,  and  including  the 
remaining  30  feet  of  the  Mahogany  zone  have  not  been  published.    However, 
available  information  from  various  USGS  and  U.S.  Bureau  of  Mines  reports 
indicate  that  the  remainder  of  the  zone  contains  considerable  resources 
of  oil  shale  ranging  in  grade  from  15  to  30  gallons  of  oil  per  ton  of  shale. 
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Q-    UNSTABLE     CLIFF   BLOCKS 


FIGURE  111-53 
LOCATION  OF  UNSTABLE  CLIFF  BLOCKS  IN  THE 
SOUTHERN  PART  OF  THE  DOW  WEST  PROPERTY     (46) 
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Table  111-31  was  developed  to  show  the  estimated  shale  oil  resources  on 
the  Dow  West  property.    The  resource  figures  should  not  be  construed  as 
absolute  or  as  an  indication  that  the  area  can  be  mined  at  a  profit,  but 
rather  as  an  approximation  of  the  potential  shale  oil  resources  in  the  subject 
area. 

TABLE  111-31 
ESTIMATED  SHALE  OIL  RESOURCES  ON  THE  DOW  WEST  PROPERTY 


Oil  shale  sequence 
within  4, 100  acres 
of  the  Dow  West 
property 


Average 
thickness 
in  feet 


Average  values 
of  shale  oil  in 
gallons  per  ton 
of  oil  shale 


Estimated 
resources 
in  barrels 


Colony's  proposed 
mine  section  in 
Mahogany  zone 

Oil  shale  in 
section  above  R-6 
zone  including 
Mahogany  zone* 

R-6  zone 
(first  zone 
below  Mahogany) 

R-4  zone 
(second  zone 
below  Mahogany) 


60 


500 


200 


90 


35 


15 


16 


20 


515,000,000 


2,555,945.000 


1,002,000,000 


547,897,000 


*For  simplicity  of  calculation,  the  Mahogany  zone  values  were  included 
as  15  gallons  of  oil  per  ton  of  shale. 
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Donnell  and  Blair  (47)  identified  two  oil  shale  zones  below  the  Mahogany  zone: 

the  uppermost  zone  (R-6)  averages  16  gallons  of  shale  oil  per  ton  of 

shale  and  is  200  feet  thick;  the  lower  zone  (R-4)  averages  20  gallons 

of  shale  oil  per  ton  of  shale  and  is  90  feet  in  thickness .    Calculated  shale  oil 

resources  for  these  two  oil  shale  zones,  based  on  4,100  acres,  are  just  over 

1 .5  billion  barrels. 

Six  oil  shale  core  holes  drilled  in  the  vicinity  of  the  Dow  West  property 
were  used  to  calculate  shale  oil  reserves  in  the  remaining  portion  of  the 
Parachute  Creek  Member  above  the  R-6  zone  and  including  the  Mahogany 
zone  (48)  (49)  .    Figure  III— 54  shows  the  approximate  location  of  the  drill 
holes .    Data  from  these  holes  were  averaged  and  interpolated  across  the 
property.  Assuming  that  the  oil  shale  section  is  approximately  515  feet  thick 
and  contains  about  15  gallons  of  shale  oil  per  ton  of  oil  shale,  the  total  shale 
oil  resource  for  the  4,100  acres  is  around  2.5  billion  barrels. 

Colony's  Dow  West  property  lies  south  of  the  major  depositional  areas  of 
dawsonite  and  nahcolite-bearing  oil  shales  and  the  halite-bearing  rocks . 
Figures  III- 10  and  III— 11  show  the  main  saline  zone  as  being  absent  from 
the  Dow  West  property. 

Analysis  of  ten  core  holes  drilled  on  the  Dow  West  property  in  the  Mahogany 
zone  shows  that  deposits  average  less  than  1  percent  by  weight  of  alkaline 
soluble  alumina  (Al  O  )  from  the  dawsonite  and  other  alumina  bearing 
minerals  and  less  than  0.2  percent  by  weight  of  the  water-soluble  sodium 
minerals  nahcolite  and  halite  (2)  . 

HYDROLOGY   (2) 

SURFACE  HYDROLOGY 

Parachute  Creek  drains  an  area  of  approximately  200  square  miles  and 
discharges  into  the  Colorado  River .    The  Colony  property  includes  portions 
of  three  of  its  upper  tributaries:    Davis  Gulch  (draining  6.4  square  miles)  , 
Middle  Fork  of  Parachute  Creek  (5.6  square  miles)  ,  and  East  Middle  Fork  of 
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Parachute  Creek  (34.7  square  miles)  .    The  other  major  tributaries  (West  and 
East  forks  of  Parachute  Creek)  drain  into  Parachute  Creek  south  of  the  Dow 
West  property.    There  are  numerous  springs,  gulches,  and  arroyos 
along  the  stream's  course  which  run  intermittently.    The  flow  of  the  creek 
depends  mainly  on  springs  which  emerge  near  or  in  the  creek  bed,  and  they 
in  turn  depend  on  ground  water  which  varies  with  the  amount  of  previous 
precipitation  and  on  precipitation  runoff  which  enters  the  stream  directly . 
Later  in  the  summer,  when  there  is  a  large  diversion  from  the  lower  end  of 
the  creek  for  irrigation,  part  of  the  Parachute  Creek  water  enters  the 
Colorado  by  seeping  through  the  ground  rather  than  flowing  through  the 
creek  channel  (Figure  111-55)  . 

The  intimate  relation  between  the  surface  and  ground  water  of  Parachute  Creek 
is  illustrated  during  some  dry  periods  when  the  creek  flows  underground  for 
some  distance,  only  to  resurface  farther  downstream.    The  tributaries  to  the 
main  stem  of  Parachute  Creek  show  wide  fluctuations  in  stream  flow .    Based 
on  flow  data  from  above  and  below  its  mouth,  Parachute  Creek  contributes 
approximately  one  percent  to  the  total  flow  of  the  Colorado  River  at  Grand 
Valley . 

The  physical  and  chemical  characteristics  of  Parachute  Creek  follow  a  con- 
sistent pattern  of  high  quality  in  the  upper  stream  with  increasing  degrada- 
tion, aggravated  by  irrigation  and  subsequent  drainage  through  salty  soils 
before  the  creek  enters  the  Colorado  River. 

The  water  which  leaves  Parachute  Creek  is  of  lower  quality  than  that  in  the 

Colorado  River  (Table  111-32)  .    Parachute  Creek  has  higher  concentrations 

-  2        +  +2 

of  total  dissolved  solids  (T.D.S.),  S04     ,  Na   ,  and  Mg      but  lower  con- 
centrations of  suspended  solids  and  almost  the  same  turbidity  as  the  Colorado 
River  .    It  is  considerably  more  saline  than  the  Colorado  River  itself,  as 
indicated  by  the  T.D.S.  readings. 
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TABLE  111-32 

COMPARATIVE  WATER  QUALITY  IN  PARACHUTE  CREEK 

AND  THE  COLORADO  RIVER    (2) 

(In  mg/1  except  HCO~  which  is  in  mg/1  as  CaCOJ 


Middle 

Fork 

(551)* 

Davis 
Gulch 
(552)* 

Parachute  Creek 

Below 
Grand  Valley 
(555)* 

Colorado  River 
Above 
Grand  Valley 
(556)* 

PH 

8.06 

8.17 

7.97 

7.95 

TDS 
Ca++ 

461 
56.35 

446 
48.65 

791 

86.34 

454 
63.53 

++ 
Mg 

37.74 

36.48 

59.90 

13.48 

Na+ 

81.07 

81.47 

142.61 

94.48 

HC03" 

297.42 

291.39 

362.73 

143.79 

Cl 

10.55 

8.11 

18.37 

118.50 

so4" 

157.76 

150.22 

394.21 

129.10 

N03- 

0.84 

0.96 

1.39 

1.82 

indicates  location  on 

Figure  111-56. 

Analysis  of  water  samples  taken  at  Grand  Valley  have  to  date  reflect  very  low 
levels  of  lead  and  mercury.    There  were  0.18  ppb  of  mercury,  this  value  is  so 
close  to  analytical  zero  as  to  justify  conclusion  of  "no  measurable  Hg" .    There 
were    0. 1  ppm  of  lead,  0.1  is  the  lower  limit  of  analytical  sensitivity. 

Analysis  of  algae  found  in  Parachute  Creek  show  high  levels  of  lead  (5.8  ppm) 
and  mercury  (4,  040  ppb)  .    At  this  point  in  time  this  level  has  not  proven  to  be 
detrimental  to  the  fish  population  in  Parachute,  it  is  considered  to  be  a  good 
cold  water  fishery  (50)  . 

Presently  lead  and  mercury  make  their  way  to  Parachute  via  the  process  of 
erosion  and  dilution  of  geologic  materials  on  the  watershed . 


The  level  of  lead  and  mercury  in  the  Parachute  Creek  fish  population  is  not 
at  this  time  known  . 
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FIGURE  111-55 
LOCATION  OF  STREAM  FLOW  AND  WATER  QUALITY  STATIONS     (3 
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The  BOD  is  low  throughout  most  reaches  of  Parachute  Creek.    Some  portions 
of  the  Parachute  Creek  stream  system  are  polluted  with  livestock  wastes 
during  the  grazing  season. 

Runoff  Intensity.    The  most  critical  hydrologic  factor  is  runoff  intensity 
which  varies  as  a  function  of  surface  runoff  from  both  snowmelt  and  rainfall . 
Approximately  10  percent  (or  1.5  inches)  of  the  average  annual  precipitation 
over  the  mine  and  plant  site  leaves  the  area  as  runoff  (44)  .    On  a  volume  basis, 
normal  snowmelt  will  exceed  the  runoff  possible  from  rainfall  events; 
maximum  peak  flows  for  the  area,  however,  are  derived  from  intense  rainfalls. 

Peak  average  daily  snowmelt  runoff  volume  tor  a  return  frequency  of  50 
years  over  an  area  equivalent  to  either  the  watershed  of  Davis  Gulch  or  the 
upper  Middle  Fork  of  Parachute  Creek  has  been  estimated  to  be  50  cfs  (44)  . 

The  strong  influence  of  snowmelt  on  runoff  may  be  seen  in  Table  111-33,  which 

shows  the  mean  daily  discharge  for  each  month  for  Parachute  Creek. 

Runoff  hydrographs  for  a  probable  maximum  general  storm  and  thunderstorm 

are  shown  for  Davis  Gulch  in  Figures  111-56  and  111-57,  respectively.    The  probable 

maximum  general  storm  for  the  mine  and  plant  site  was  estimated  to  be 

capable  of  producing  5.75  inches  of  rain  in  18  hours,  and  the  thunderstorm 

was  capable  of  producing  6.5  inches  of  rain  in  one  hour. 

TABLE  111-33 

RUNOFF  INTENSITY  FOR  THE  WATER  YEAR  1970  (10/1/69  -  10/1/70) 

AT  THE  CONFLUENCE  OF  EAST,  WEST,  AND  MIDDLE 

FORKS  OF  PARACHUTE  CREEK  (51) 


Month 


cfs 


Month 


cfs 


October 

4.88 

April 

November 

5.79 

May 

December 

3.68 

June 

January 

3.34 

July 

February 

3.85 

August 

March 

5.84 

September 

21.2 

131.0 
29.1 
6.29 

3.04 
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FIGURE  111-56 
PROBABLY  MAXIMUM  GENERAL  STORM 
HYDROGRAPH  FOR  DAVIS  GULCH  (44) 
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FIGURE  111-57 
PROBABLE  MAXIMUM  THUNDERSTORM 
FOR  DAVIS  GULCH  (44) 
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Water  Rights.    The  first  adjudication  on  Parachute  Creek  opened  on  May  11, 
1889.    All  adjudication  prior  to  November  11,  1911  is  considerd  part  of 
that  original  adjudication.    All  decrees  since  November  11,  1911  are 
supplemental  and  junior  to  the  original  decrees. 

There  are  40.475  cfs  of  original  decrees  and  approximately  137.76  cfs 
of  supplemental  decrees  on  the  creek. 

It  is  apparent  that  Parachute  Creek  is  over  adjudicated  in  original  decrees 
alone.    A  12  year  average  flow;   1921-1927,  1948-1954,  was  30.3  cfs  just 
below  Grand  Valley.    This  is  10.17.5  cfs  less  than  the  original  decrees. 

In  years  past,  though  stream  flow  stopped  in  three  locations  during  heavy 
use,  all  original  rights  were  fairly  well  satisfied. 

Presently,  many  of  the  water  rights  on  Parachute  Creek  are  owned  by  oil 
shale  interests .    It  is  estimated  today  that  75  to  80  percent  of  the  water 
rights  could  be  diverted  to  oil  shale  processing  when  commerical  production 
is  started.    This  would  mean  a  change  in  use  from  irrigation  and  domestic 
to  industrial . 

Presently  Colony  owns  30.45  cfs  of  supplemental  water  rights  in  Parachute 
Creek  .    Two  of  these  rights  are  conditional,  the  East  Middle  Fork  Pipeline 
and  the  Middle  Fork  Pipeline,  and  one  for  .45  cfs,  the  Colony  Spring  #1, 
is  absolute. 

SUBSURFACE  HYDROLOGY 

Most  of  the  groundwater  movement  in  the  area  of  the  mine  and  plant  site 
is  controlled  by  fractures  in  the  bedrock  (44)  .    The  hydrogeologic 
characteristics  of  the  water-bearing  units,   from  oldest  to  youngest, 
are  as  follows: 
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Garden  Gulch  Member.    This  member  of  the  Green  River  Formation  is  not 
significantly  fractured  and  is  composed  almost  entirely  of  shale  in  this  area. 
Therefore,  the  member  is  low  in  permeability  and  functions  chiefly  as  a 
groundwater  drain  for  the  overlying  Parachute  Creek  Member  and  the  alluvial 
fill  in  the  lower  part  of  the  valley  of  the  Middle  Fork  of  Parachute  Creek. 

Parachute  Creek  Member.    This  uppermost  member  of  the  Green  River 
Formation,  composed  mostly  of  shale,  is  the  most  productive  aquifer  within 
the   Dow  West  property.    The  member's  highest  permeabilities  and  groundwater 
production  potentials  are  in  the  major  fracture  systems  beneath  Davis  Gulch 
and  the  valley  of  the  upper  part  of  the  Middle  Fork  of  Parachute  Creek. 
Wells  drilled  by  Metcalf  and  Eddy  for  their  study  (44)  in  these  areas  yielded 
groundwater  at  the  rate  of  100  to  300  gpm.    Groundwater  movement  and 
storage  in  this  unit  is  in  the  fracture  systems,  joints,  and  openings  along 
bedding  planes. 

Uinta  Formation .    This  unit  is  primarily  sandstone  but  is  topographically 
high  and  is  mostly  drained  of  groundwater  within  the  area  of  the  mine  and 
plant  site.    It  functions  chiefly  as  a  recharge  medium  for  the  underlying 
Parachute  Creek  Member  during  spring  snowmelt  and  periods  of  precipitation 
(44)  .    This  formation  is  generally  unimportant  as  an  aquifer  on  the  Dow  West 
property. 

Alluvium .    Unconsolidated  material  in  Davis  Gulch  and  the  lower  part  of  the 
valley  of  the  Middle  Fork  of  Parachute  Creek  is  saturated  at  depth.    Alluvium 
in  the  upper  part  of  the  valley  of  the  latter  contains  almost  no  groundwater. 
Permeability  of  the  alluvium  is  generally  high,  and  it  functions  chiefly  as 
a  recharge  medium  for  the  underlying  bedrock  (44)  . 

All  groundwater  in  the  Dow  West  property  is  originally  derived  from  precipitation 
Recharge  occurs  primarily  in  the  spring  when  snowmelt  is  absorbed  through 
the  soil  cover  or  exposed  bedrock.    Water  migrates  downward  through  beds 
of  sandstone  and  into  the  vertical  fracture  and  joint  system,  which  is  best 
developed  in  the  shales  of  the  Parachute  Creek  Member .     Groundwater  may 
be  discharged  into  streams  or  from  cliff  faces  from  springs  or  seeps. 

III-145 


MINE  &  PLANT  SITE 

Evapotranspiration  processes  consume  a  certain  volume  of  groundwater.    A 
portion  of  the  groundwater  eventually  leaves  the  property  at  its  southern 
boundary  as  subsurface  outflow  (44)  .    Available  evidence  indicates  that  there 
is  no  interconnection  of  the  major  fracture  systems  or  interchange  of  ground- 
water between  Davis  Gulch  and  the  Middle  Fork  of  Parachute  Creek.    Each 
valley  is  a  separate  hydraulic  entity,  and  groundwater  movement  beneath 
each  valley  is  largely  controlled  by  the  major  vertical  fracture  system. 

Groundwater  initially  has  an  insignificant  mineral  content  and  exhibits  a 
pH  of  about  6.    As  this  water  travels  down  gradient  and  southward  in  the 
Dow  West  property,  it  becomes  more  highly  mineralized  and  alkaline  (with 
a  pH  of  above  7)  .    This  movement  results  in  increases  in  T  .D  .S  . ,  hardness, 
bicarbonates,  sulphates,  and  sodium  in  the  groundwater.    The  high 
bicarbonate  content  of  most  of  the  groundwater  is  mainly  caused  by  solution 
of  the  carbonate  bedrock  with  additional  contribution  from  the  leaching  of 
the  mineral  nahcolite  (sodium  carbonate)    (44)  . 

The  only  groundwater  of  potable  quality  (although  high  in  iron  and  manganese) 
in  the  Dow  West  property  occurs  in  the  alluvium  of  upper  Davis  Gulch  and 
the  upper  part  of  the  Middle  Fork  of  Parachute  Creek.    T  .D  .S  .  concentrations 
in  the  above  two  areas  are  rather  high  for  water  of  potable  quality,  ranging 
from  about  450  to  850  mg/1. 

Most  of  the  groundwater  in  the  property  is  classified  as  very  hard  (greater 
than  181  mg/1)  and  may  require  softening  for  industrial  use  to  avoid 
scaling  in  equipment.    Nearly  all  of  the  groundwater  within  the  property 
is  suitable  for  construction  (concrete-mix)  purposes  (44)  . 

SURFACE-SUBSURFACE  RELATIONSHIPS 

There  is  a  close  relationship  between  the  surface  and  subsurface  hydrology 
of  the  Dow  West  property.    The  perennial  flows  of  Davis  Gulch  and  the  Middle 
Fork  of  Parachute  Creek  are  maintained  by  the  combined  discharge  of  springs 
that  issue  from  the  bedrock  and  enter  along  the  edges  or  in  the  beds  of  the 
streams .    The  reliability  and  permanence  of  the  springs  are  indicated  by  the 
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vegetation  surrounding  them  inasmuch  as  it  is  composed  of  aquatic  and  semi- 
aquatic  species  which  depend  on  a  continuous  water  supply . 

Many  of  the  springs  on  the  plateau  decrease  in  flow  late  in  the  summer, 
indicating  the  importance  of  aquifer  recharge  by  snowmelt  water.    Summer 
precipitation  is  mostly  in  the  form  of  thunderstorms  in  which  the  intensity 
of  rainfall  is  high;   however,  much  of  the  water  leaves  the  area  as  runoff. 
Thus,  most  of  the  groundwater  is  from  snowmelt  that  percolates  downward 
into  the  bedrock  aquifers  during  late  spring. 
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TOPOGRAPHY 


The  topography  on  the  Roan  Plateau  is  generally  coarse-textured  and  consists 
of  a  rugged,  intricately  dissected  plateau  with  broad  tabular  upland  tracts 
between  valleys.    The  near-vertical  Roan  Cliffs  generally  face  southward 
and  have  an  irregular  outline  because  of  the  many  salients  and  canyons. 
Canyon  bottoms  below  the  Roan  Cliffs  are  generally  flat,  but  narrow. 
Elevations  vary  from  6,  000  feet  at  the  confluence  of  the  forks  of  Parachute 
Creek  to  8,  200  feet  at  the  proposed  plant  site.    At  the  mine  site  on  the  Middle 
Fork  of  Parachute  Creek,  the  canyon  is  very  narrow  with  high  vertical 
cliffs  of  gray-white  oil  shale  bearing  strata  (Figure  111-58)  . 


FIGURE  111-58 


View  of  the  mine/plant  complex  (lower  right)  and  shale 
disposal  sites;  the  south-central  part  of  the  Piceance 
Creek  Basin  forms  the  background. 
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SOILS   (52) 

The  soils  of  the  Roan  Plateau  are  shallow-to-deep,  dark-colored,  and  normally 
loamy  in  texture.    These  soils  are  developing  from  weathered  shales  of  the 
Green  River  Formation  at  elevations  ranging  from  7,500  to  8,500  feet.    The 
depth,  texture,  organic  matter  content,  and  color  of  the  soils  is  directly 
related  to  the  topography  and  vegetative  cover  of  the  area. 

The  soils  occurring  on  the  ridgetops  are  normally  shallow  or  fractured  shale. 
They  are  loamy  textured  with  shale  chips  scattered  throughout  the  soil  profile. 
Where  not  overgrazed,  these  soils  support  adequate  native  shrub,  forb,  and 
grass  vegetative  cover,  keeping  erosion  to  a  minumum . 

The  soils  occupying  the  steeper  north  and  northeast  slopes  are  moderately 
deep  to  deep  with  a  thick,  dark-colored,  loamy  surface.    The  subsoil  is 
more  clay-like  in  texture  and  has  a  good  water-holding  capacity.    Although 
these  soils  occur  on  steep  slopes,  they  are  quite  well  vegetated. 

Aspen,  scrub  oak,  and  other  native  shrubs  predominate  with  an  excellent 
understory  of  grasses  and  forbs . 

The  soils  occupying  the  steep  south-  and  southwest-facing  slopes  are 
moderately  shallow  to  shallow  with  a  thin,  dark-colored,  loamy  surface. 
The  subsurface  soil  material  is  a  mixture  of  fine,  sandy  loams  and  shale 
fragments  of  the  Green  River  Formation.    Shale  outcrops  are  commonly 
associated  with  these  soils.    Low  growing  shrubs,  forbs,  and  wheat  grasses 
dominate  the  vegetative  cover.    If  the  vegetation  is  sparse,  erosion  can  be 
a  serious  problem . 

The  soils  that  occupy  the  narrow  valleys  and  gulches  are  deep,  dark-colored, 
and  loamy  in  texture.    Small  amounts  of  shale  fragments  occur  throughout  the 
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soil  profile.    Sagebrush,  rabbitbrush,  and  Kentucky  bluegrass  are  the  most 
common  vegetation .    Gully  erosion  is  a  major  problem  on  these  soils .    Water 
runoff  is  concentrated  in  these  narrow  valleys,  and  gullying  can  be  observed 
in  most  of  these  areas. 

AESTHETICS 

The  vegetation  forms  interesting  patterns  of  green  in  the  summer,  turning 
to  bright  russets  and  golds  in  the  autumn.    The  rounded  ridgetops  are 
covered  with  sagebrush,  while  oakbrush,  serviceberry,  mountain  mahogany, 
and  snowberry  dominate  the  slopes  (Figure  111-59)  .    Aspen  grows  in  moist 
sites  on  north-facing  slopes  and  douglas  fir  is  found  on  some  north-facing 
slopes  as  well  as  along  the  canyon  rims. 


FIGURE  111-59.      View  southwest  over  the  Colony  property  and  the  Naval  Oil 
Shale  Reserve. 
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A  vast  remoteness  is  felt  in  the  winter  when  the  plateau  is  covered  with  snow, 
which  tends  to  further  flatten  the  relief.    The  bare  branches  of  the  aspen  and 
shrubs  and  the  dark-  green  foliage  of  the  evergreens  stand  out  in  sharp  con- 
trast against  the  white  background  . 

Old  cabins  scattered  across  the  plateau  add  to  the  scenic  value  of  the  area. 
Except  for  these  and  some  roads  and  fences,  there  are  few  man-made 
intrusions  on  the  plateau . 

Outstanding  views  of  the  surrounding  mountains  and  valleys  are  seen  from  atop 
the  plateau  (Figure  111-60);  and  from  high  points  a  360    panorama  is  possible 
which  includes  the  Flat  Tops  and  Grand  Hogback  to  the  east,  Mount  Sopris  and 


■//• 


FIGURE  111-60.      Overview  of  the  Colorado  River  valley  from  the  south  rim  of 
Roan  Plateau . 
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the  Elk  Mountains  to  the  southeast,  Battlement  Mesa  to  the  south,  the  Book 
Cliffs  to  the  west,  and  Piceance  Creek  Basin  to  the  north.    From  the  southern 
rim  of  the  plateau,  breathtaking  views  of  the  Colorado  River,  Government 
Creek,  and  Parachute  Creek  valleys  are  possible  (Figure  III- 60)  .    The  primary 
scenic  value  of  the  plateau  lies  in  the  superb  views  of  the  surrounding  mountains 
and  valleys  and  in  the  immense  uniform  area  of  open  space  free  from  a  large 
number  of  man-made  intrusions. 

VEGETATION  AND  WILDLIFE   (2)    (53) 

Various  vegetative  types  are  found  on  the  Dow  West  property  (Figure  III- 61)  . 
The  shrub  communities  found  on  Bucklon  loam  soils  are  big  sagebrush, 
mixed  shrub,  and  mountain  mahogany. 

The  big  sagebrush  type  can  vary  from  fairly  dense  to  open  stands  of  low  to 
medium-sized  shrubs  (Figure  111-62)  .    The  dominant  plant  is  big  sagebrush 
with  other  plants  such  as  cheatgrass,  squirreltail,  Indian  ricegrass,  globe- 
mallow,  beardtongue,  bitterbrush,  and  rabbitbrush  forming  the  rest  of  the 
community.    Sagebrush  is  widely  distributed  in  gully  bottoms,  ridgetops, 
flat  areas,  and  the  lower  portions  of  slopes   (Figure  111-63)  .    Due  to  its  high 
adaptability,  sagebrush  is  not  as  limited  in  its  range  as  other  shrub  species. 
It  can  survive  where  other  species  cannot  and  is  a  vigorous  competitor.    Mule 
deer  and  elk  use  the  sagebrush  type  to  a  limited  extent  for  foraging  .    Other  browse 
species  are  used  more  extensively,  but  sagebrush  may  play  an  important  role 
in  their  food  requirements,  especially  on  deer  winter  ranges   (Figure  111-64)  . 

The  larger  predators  such  as  the  coyote,  mountain  lion,  and  ringtail  cat  use 
the  sagebrush  type  for  hunting.    Rabbits,  deer  mice,  Ord's  kangaroo  rats, 
and  other  rodents  use  the  sagebrush  for  a  food  and  living  area.    The  two 
species  of  rabbits  found  are  Nuttall's  (mountain)  cottontail  and  the  snowshoe 
hare.    The  snowshoe  hare  has  been  estimated  by  the  Colorado  Division  of 
Wildlife  to  have  a  density  of  over  10  per  square  mile  (Figure  III- 65)  . 
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FIGURE  III- 61 
VEGETATIVE  TYPES  ON  THE  DOW  WEST  PROPERTY 
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FIGURE  111-62.      Typical  sagebrush  parks  on  the  Roan  Plateau. 
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FIGURE  111-63.      Stand  of  sagebrush  with  douglas  fir  in  the  background 
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FIGURE  111-64 
BIG  GAME  HABITAT  FOR  PLANT  AND  MINE  AREA 
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FIGURE  111-65 

SMALL  GAME  HABITAT  FOR  PLANT  AND  MINE  AREA 


IIL-156 


EXISTING  ENVIRONMENT 

The  more  common  reptiles  found  in  the  sagebrush  type  are  the  western  garter 
snake  and  the  short-horned  lizard  (horned  toad)  . 

Raptors  also  hunt  over  sagebrush  parks  due  to  the  available  prey.    The  more 
common  raptors  are  the  red -tailed  hawk,  marsh  hawk,  sparrow  hawk,  turkey 
vulture,  great  horned  owl,  and  burrowing  owl.    Some  less  common  raptors 
are  the  northern  bald  eagle  (winter  resident  only)  ,  golden  eagle,  ferruginous 
hawk,  peregrine  falcon,  and  prairie  falcon . 

Some  upland  game  birds  use  the  sagebrush  type  for  feeding  grounds  and/or 
nesting  areas  (Figure  111-65)  .    The  most  popular  game  birds  are  the  blue 
grouse,  chukar  partridge,  mourning  dove,  and  sage  grouse.    Sage  grouse 
live  almost  exclusively  in  a  sagebrush  habitat.    Very  few,  if  any,  sage 
grouse  are  known  to  frequent  the  plant  site. 
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There  are  a  large  number  of  song,  perching,  and  nonperching  birds  over 
the  entire  area,  and  most  of  them  use  the  sagebrush  type  for  at  least  a  portion 
of  their  habitat  requirements. 

The  mountain  shrub  communities  (Figure  111-66)  do  not  have  one  particular 
plant  that  is  purely  dominant.    Some  dense  areas  of  the  medium  to  tall  stands 
are  dominated  by  either  serviceberry  or  Gambel's  oak.    These  stands  have 
snowberry  as  the  dominant  in  the  secondary  layer  of  vegetation.    The  ground 
layer  (or  herbaceous  layer)  consists  of  elk  sedge  and  white-flowered  peavine 
and  is  generally  sparse.    When  the  mixed  shrub  community  is  not  dense,  the 
big  sagebrush  takes  over  as  the  most  common  species.    The  mixed  shrub  type 
is  widely  distributed  on  the  gentle  to  steep  east-facing  slopes  in  an  inter- 
mediate position . 


FIGURE  111-66.      Mountain  shrub  communities  display  an  exposure-dependent- 
species  variety. 
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The  mountain  shrub  communities  are  favorite  feeding,  hiding,  and  resting 
places  for  deer  and  elk.    Due  to  the  very  dense  stands,  grazing  area  is 
limited.    The  least  chipmunk  and  red  squirrel  are  frequently  found  in  these 
dense  shrub  stands. 

Larger  predators  such  as  the  mountain  lion  and  black  bear  are  more  likely  to 
hunt  and  live  here  due  to  their  secretive  nature.    Rodents  and  birds  utilize 
these  areas  extensively,  especially  when  the  oakbrush  yields  a  good  acorn 
crop.    Blue  grouse  also  seem  to  like  these  brushy  areas.    Serviceberries 
are  a  favorite  food  for  birds  and  rodents  who  spend  a  large  part  of  their 
time  here  in  the  fall.    A  small  flock  of  wild  turkeys  roam  the  area  but  are 
normally  found  in  Robert's  Canyon,  which  is  part  of  the  Roan  Creek  drainage 

The  douglas  fir  type  is  usually  so  dense  that  shrubs  or  herbaceous  vegeta- 
tion is  not  able  to  grow  in  it  (Figure  111-67)  .     Where  openings  do  occur, 
snowberry,  serviceberry,  elk  sedge,  and  northern  bedstraw  are  found.    A 
large  amount  of  deadfall  is  usually  found  on  the  interior  of  this  type. 


FIGURE  111-67.      Sparse  understory  in  a  douglas  fir  forest 
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Elk  like  to  rest  and  hide  during  the  day  in  these  thick,  tangled  forests. 
The  red  squirrel,  many  birds,  and  porcupines  prefer  this  forest  type. 
Douglas  fir  provides  cover  for  the  black  bear;  and  the  downfall  and  tree 
hollows  are  ideal  spots  for  hibernation.    During  the  winter,  blue  grouse  feed 
and  roost  almost  exclusively  in  these  forests. 

The  Bucklon  loam  soil  types  also  support  two  grass  communities.    The  first 
one  is  the  Indian  ricegrass  type.    It  is  found  on  the  dry  south-facing  slopes 
where  the  soils  are  very  rocky.    Occasionally,  sagebrush,  snowberry,  and 
mountain  mahogany  may  be  found  in  the  grass  types.    These  shrubs  are 
usually  around  the  edges  on  the  relatively  deeper  soils.    The  salt  tolerant 
wildrye  grass  type  is  found  exclusively  in  the  more  saline  gully  bottoms. 
Wildrye  forms  almost  a  pure  stand .    Due  to  the  sparseness  of  vegetation  and 
the  small  aerial  extent  of  these  grass  parks,  the  main  use  is  made  by 
rodents  searching  for  seeds . 

The  second  most  important  soil  type  on  the  plateau  is  the  noncalcareous 
member  of  the  Bymun  loam.    This  type  usually  occurs  under  the  dense 
aspen  stands  (Figure  111-68)  on  a  wide  range  of  slopes  and  may  be  as  much 
as  24  inches  deep.    This  soil  is  generally  quite  productive,  with  productivity 
closely  tied  to  such  microclimate  factors  as  exposure. 

Aspen  forests  are  fairly  dense  stands  with  aspen  as  the  only  dominant  tree. 
The  bush  browse  understory  is  made  up  of  snowberry,  serviceberry,  and 
chokecherry.    The  ground  or  herbaceous  layer  is  usually  very  vigorous 
and  consists  of  elk  sedge,  northern  bedstraw,  aspen  peavine,  needlegrass, 
and  both  brome  and  wheatgrasses.    The  aspen  type  is  normally  found  on 
north  and  east  slopes  below  the  ridgelines  and  in  draws  and  valleys.    How- 
ever, aspen  can  be  found  on  ridgetops  and  on  west  and  south  slopes.    This  is 
an  indication  of  the  adaptability  of  aspen  to  slightly  different  aspects  and 
habitats . 
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FIGURE  111-68.      Aspen  forest  on  Bynum  loam  soil. 

Due  to  the  cooler  microclimate,  lush  vegetation,  and  frequent  springs,  the 
aspen  type  is  a  favorite  of  all  forms  of  wildlife.    Deer  and  elk  forage  here. 
Rodents  and  birds  use  these  areas  extensively.    When  aspen  stands  occur 
close  to  a  live  stream,  they  are  utilized  by  beavers,  for  food  as  well  as  dam 
building  material.    The  aspen  type  is  important  cover  for  deer,  elk,  and  bear: 
it  provides  both  seclusion  and  shade.    It  is  also  important  for  deer  and  elk 
fawning  and  calving . 

In  addition  to  the  profilic  wildlife  of  the  plateau,  the  habitat  affords  excellent 
summer  range  for  cattle.    Grazing  use  by  sheep  is  minor,  but  there  is  an 
expanding  population  of  free-roaming  horses  in  the  Piceance  Creek  Basin  (54) 

AQUATIC  LIFE  AND  INVERTEBRATES 

Fisheries  on  the  Roan  plateau  are  restricted  to  a  few  small  streams .  Many 
of  the  streams  are  intermittent  and  some  lack  sufficient  quantities  of  water 
for  fisheries  to  develop  (Figure  111-46)  . 
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A  few  of  the  upper  tributaries  of  Roan  Creek  have  active  beaver  ponds  that 
are  stocked  with  brook  trout.    Modest  populations  of  rainbow  trout  and 
western  white  sucker  exist  further  downstream. 

A  limited  number  of  cutthroat  and  brook  trout  occur  above  the  falls  in  East 
Middle  Fork.    Northwater  Creek  and  Trapper  Creek,  which  are  tributaries 
to  the  East  Middle  Fork,  contain  the  Colorado  River  cutthroat  trout  which  has 
been  nominated  for  the  Nationally  Endangered  Species  List.    It  is  also  found 
in  the  upper  reaches  of  East  Fork  (Figure  111-46)  . 

The  amphibians  on  top  of  the  plateau  consist  mainly  of  the  tiger  salamander, 
leopard  frog,  Great  Basin  spadefoot,  and  Woodhouse's  toad. 

A  partial  list  of  the  known  invertebrates  that  occur  on  the  Roan  Plateau  is 
found  in  Appendix  4. 

PIPELINE  ROUTE   (55) 

THE  ROAN  PLATEAU 

The  pipeline  route  extends  from  the  proposed  plant  site  at  Parachute  Creek 
westward  across  the  top  of  the  Road  Plateau  (Figure  111-69)  to  Long  Point, 
where  it  descends  by  way  of  Corral  Canyon  into  the  drainage  of  East  Salt 
Creek.    The  Green  River  and  Uinta  Formations  of  Eocene  age  form  the  flanks 
and  top  of  the  plateau  and  consist  mostly  of  shale  and  minor  marlstone  and 
sandstone.    These  formations  are  underlain  by  the  Wasatch  Formation  and  the 
Mesaverde  Group  which  consist  of  both  sandstones  and  shales.    The  surface 
soils  are  normally  dark-colored;   neutral  to  slightly  acidic  in  reaction;  and 
are  a  fine,  sandy  loam  in  texture.    The  subsoils  consist  of  brownish  to  reddish- 
brown  colored  loams  and  clay  loams,  containing  appreciable  amounts  of  gravelly 
material  throughout. 

For  the  first  25  miles  westerly  from  the  plant  site,  the  pipeline  route  follows 
an  existing  road  along  the  ridge  which  separates  the  Colorado  and  White 
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FIGURE  111-69.      Proposed  pipeline  route  follows  the  ridge  of  the  Roan 
Plateau  in  a  westerly  direction  from  the  plant  site. 

River  drainages.    The  predominant  vegetative  type  encountered  is  the  sage- 
brush community.    Some  patches  of  aspen,  mountain  shrub,  and  open  stands 
of  douglas  fir  occur  along  the  right-of-way.    Figures  III-70a  and  III-70b  show 
vegetative  types  along  the  proposed  pipeline. 

Average  elevation  along  this  part  of  the  route  is  8,  500  feet  with  gradual 
changes  of  100  to  200  feet  between  the  higher  points  and  intervening  saddles. 
Indigenous  wildlife  is  the  same  as  for  the  plant  site  area.    Figures  III-71a  and 
III-71b  show  wildlife  habitat  along  the  proposed  pipeline. 

For  the  next  14  miles,  the  route  follows  a  narrow  ridgetop  between  the  White 
River  and  Colorado  River  drainages.    The  ridgetop  terrain  climbs  to 
8,900  feet  in  elevation.    Mixed  stands  of  aspen  and  subalpine  fir  are 
scattered  along  the  sides  of  the  ridge.    Deep  drainages  head  on  both  sides. 
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FIGURE  III- 70a 
VEGETATIVE  TYPES  ALONG  PROPOSED  PIPELINE 
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FIGURE  III- 70b 
VEGETATIVE  TYPES  ALONG  PROPOSED  PIPELINE 
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FIGURE  III-71a 
WILDLIFE  HABITAT  ALONG  PROPOSED  PIPELINE 
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FIGURE  III- 7 lb 
WILDLIFE  HABITAT  ALONG  PROPOSED  PIPELINE 
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The  pipeline  route  here  is  undulating  to  nearly  level  and  follows  the  existing 
ridgetop  road   (Figure  111-72)  .    Soils  under  the  sagebrush,  mixed  shrub,  and 
forest  types  are  well  developed  and  stable.    Wildlife  populations  and  resource 
uses  are  quite  similar  to  the  eastern  segment  of  the  plateau,  but  winter  snows 
are  deeper  and  the  browsing  season  shorter . 

Except  for  a  few  man-made  intrusions  such  as  roads,  rustic  cabins,  fences, 
and  corrals,  the  whole  plateau  region  appears  remote  and  removed  from 
modern  civilization. 

The  pipeline  route  descends  from  the  Roan  Plateau  by  way  of  the  east  side  of 
Long  Point  into  Corral  Canyon,  a  tributary  of  East  Salt  Creek.    The  route  crosses 
approximately  one  mile  of  colluvial   (landslide,  talus,  and  slopewash)  deposits 
on  the  lower  slopes  of  Long  Point  (Figure  111-73)  .    Landslides  in  this  immediate 
area  appear  to  be  inactive;   however,  active  slides  occur  on  other  slopes 
within  the  drainage  of  East  Salt  Creek  (Figure  111-74)  .    The  colluvium  along 
the  pipeline  route  in  Corral  Canyon  appears  to  presently  consist  of  slopewash 
and/or  very  slowly  creeping  to  stable  talus  deposits. 

The  steep,  upper  slopes  of  Long  Point  are  formed  on  an  unnamed  claystone, 
limestone,  and  siltstone  unit  of  the  Green  River  Formation,  situated  between 
the  Parachute  Creek  and  Garden  Gulch  Members.    This  steep  slope  to  be  crossed 
by  the  pipeline  shows  no  evidence  of  landslides  and  appears  to  be  relatively 
stable. 

The  steep-walled  canyons  of  the  East  Salt  Creek  valley  have  been  eroded 
primarily  into  rocks  of  the  Wasatch  Formation  and  the  Mesaverde  Group,  but 
head  in  shales  of  the  Green  River  Formation.    The  landslides  in  Corral  Canyon 
and  elsewhere  along  East  Salt  Creek  canyon  and  its  tributaries  appear  more 
likely  to  become  active  when  erosion  of  the  toes  of  the  slides  is  sufficient 
to  allow  movement. 

Mule  deer  are  present  during  the  late  fall/winter  and  early-spring  periods 
with  elk  wintering  in  the  upper  part  of  Big  Salt  Wash.    Mountain  lion, 
coyote,  bobcat,  and  chukar  partridge  are  more  prevalent  here  than  on  the 
Plateau.  m_168 
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FIGURE  111-72       Typical  landscape  along  the  western  segment  of  the  pipeline 
route  on  the  Roan  Plateau. 


III-169 


PIPELINE  ROUTE 


FIGURE  111-73 


View  toward  the  west  in  Corral  Canyon;  the  jeep  trail  in 
the  background  crosses  the  east  slope  of  Long  Point  and 
closely  parallels  the  pipeline  route. 


III-170 


EXISTING  ENVIRONMENT 


FIGURE  III- 74.     Landslide  areas  in  the  East  Salt  Creek  drainage  near  the 
pipeline  route. 


FIGURE  111-75.       Lower  East  Salt  Creek  corridor 
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Rock  outcrops  are  dominant  along  the  steep  canyon  slopes .    The  soils  that  occur 
in  association  with  the  rock  outcrops  are  shallow  in  depth,  light  in  color,  and 
are  a  sandy  loam  or  gravelly  loan  in  texture.    They  are  highly  erodible  (52)  . 

The  soils  occupying  the  lower  lying  valley  positions   (Figure  111-75)  are 
derived  from  alluvium.    The  surface  soil  is  light  colored  and  relatively 
thin.    "Slick  spots"   (small,  irregular-shaped  areas  that  are  void  of  vegeta- 
tion) commonly  occur  on  the  surface.    It  is  a  sandy  loam  or  gravelly  loam  in 
texture,  with  up  to  20  percent  gravels  and  shale  chips  on  the  surface  of  the 
soil.    The  underlying  soil  materials  are  variable  in  texture  and  thickness. 
This  material  is  stratified  with  lenses  of  sand,  clay,  and  loamy  material  in 
varying  sequences  .    It  is  moderate  to  strong  in  alkalinity  (52)    (See  Figures 
III- 12a  and  12b)  . 

The  potential  evapotranspiration  rate  (30-33  inches)  far  exceeds  precipitation. 

On  the  drier  south  and  west  exposures  are  stands  of  pinyon  pine  and 
juniper.    The  understory  consists  of  a  mixture  of  grasses,  forbs,  and  various 
shrubs.    Included  are  Mormon  tea,  sagebrush,  Indian  ricegrass,  and  cheat- 
grass  .    On  the  north  exposure  the  vegetation  changes  to  a  typical  mountain 
shrub  community  dominated  by  mountain  mahogany  and  serviceberry  or 
oakbrush.    Grasses  are  generally  fewer  in  number  and  forbs  include  tansy 
mustard,  mountain  peppergrass,  and  Oregon  grape. 

The  route  joins  Salt  Creek  which  State  Highway  139  follows,  along  with 
several  natural  gas  pipelines.    Scattered  fields  and  ranch  buildings  are  found 
along  the  canyon  bottoms  . 

GRAND  VALLEY  DESERT   (55) 

The  Grand  Valley  area  extends  between  the  Book  Cliffs  in  Colorado  and  Utah 
and  the  canyon  country  north  of  Moab,  Utah.    The  landscape,  formed  on  the 
Mancos  Shale,  is  characterized  by  broad  expanses  of  low  relief  and  numerous 
small  drainages.    The  sparse  vegetation  consists  mainly  of  saltbush  and  cheat- 
grass  on  the  flats  with  greasewood  and  salt  cedar  along  the  drainages   (Figure 

111-76)  . 
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FIGURE  III- 76.      View  of  the  Grand  Valley  desert  area 


From  the  Book  Cliffs  across  the  Grand  Valley  desert  through  the  Cisco- 
Thompson  area  to  the  head  of  Moab  Canyon,  there  is  little  chance  of 
encountering  archeological  remains. 
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The  soils  are  a  variety  of  desert  types  derived  from  the  Mancos  Shale 
with  considerable  similarity  in  spite  of  differences  in  landform  and  origin . 
These  soils  range  from  deep  on  the  broad  alluvial  fans  and  floodplains  in  the 
western  portion,  to  very  shallow  on  the  rolling  uplands  in  the  eastern  por- 
tion.   They  display  a  variety  of  somber,  pastel  hues  ranging  from  brownish- 
gray  to  light  yellowish  to  reddish-browns  to  grayish-browns  to  pale  and 
very  pale  browns  to  pinkish-grays.    All  are  essentially  alkaline,  ranging 
from  mild  to  strong .    All  of  the  soils  display  a  lack  of  profile  development 
because  they  have  formed  under  arid  conditions . 

Summer  storms  are  the  primary  cause  of  runoff  and  high  sediment  yields. 
Most  of  the  soil  moisture  increase  is  from  snowmelt.    The  relatively  poor 
vegetative  cover  offers  little  soil  protection;  therefore,  runoff  readily 
causes  erosion  and  produces  low  quality  water,  high  in  suspended  solids 
and  salts   (Figure  111-77)  . 

The  pipeline  route  roughly  parallels  U.S.  Highway  6  and  50,  Interstate  70, 
and  the  Denver  and  Rio  Grande  Western  Railroad,  except  for  one  crossing 
(Figure  111-78)  .    Much  of  the  route  crosses  barren  countryside. 

The  wildlife  population  is  sparse  on  the  desert.    It  reflects  the  harsh, 
sometimes  meager  sustenance  and  habitat  offered.    Pronghorn  antelope  range 
on  the  desert  floor  along  the  Utah-Colorado  border.    Also  found  on  the  desert 
are  the  kangaroo  rat,  white-tailed  prairie  dog,  black-tailed  jackrabbit, 
black-throated  sparrow,  horned  lark,  Say's  phoebe,  desert  toad,  and 
sagebrush  lizard. 

Red  fox,  kit  fox,  and  the  gray  fox  are  present.    The  latter  is  considered 
locally  rare.    Racoon  and  beaver  are  encountered  along  the  river.    The 
midget  faded  rattlesnake  is  present,  but  rare. 

Raptorial  birds  are  encountered  along  the  pipeline  route  at  various  times  of 
the  year.    Most  of  them  are  observed  on  the  desert  during  the  winter. 
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FIGURE  111-77.      Sparse  vegetation  offers  little  protection  from  the  forces  of 
erosion  for  the  fragile  soils  in  the  Grand  Valley  desert  area 
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FIGURE  111-78.      Highway  and  railroad  crossings  are  proposed  several  miles 
west  of  Cisco,  Utah. 

KLONDIKE  FLATS   (55) 

This  portion  of  the  pipeline  route  is  on  the  east  side  of  a  broad  salt  desert 
valley  south  of  Crescent  Junction  and  west  of  Arches  National  Park.    Along 
the  route  and  eastward,  the  landscape  consists  of  alternating  valleys  and 
rocky  ridges  extending  in  a  northwesterly  direction  from  the  Klondike  Bluffs 
and  Devil's  Garden  sections  of  Arches  National  Park.    To  the  east  lie  Little 
Valley  and  Salt  Valley.    The  route  passes  through  the  old  Valley  City  reservoir 
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site,  and  turns  south  along  the  railroad  and  U  .S.  Highway  163  through 
Klondike  Flats  to  Moab  Canyon   (Figure  111-79)  . 


FIGURE  111-79.    Valley  City  reservoir  site  and  Klondike  Flats. 


The  landscape  is  composed  of  valleys  and  rocky  ridges  with  distant  views  of 
Arches  National  Park.    The  rocky  ridges  in  this  area  are  formed  on  the  Wingate, 
Entrada,  and  Navajo  Sandstones.    Saltbush  and  greasewood  give  a  greenish- 
gray  cast  to  the  valley  floor . 


Ill- 177 


PIPELINE  ROUTE 


The  vegetative  communities  are  again  typical  desert,  salt  desert  shrub,  and 
greasewood  (Figures  111-80  and  111-81)  .  The  salt  desert  shrub  community  is 
characterized  by  open  stands  of  dwarf  shrubs.  The  dominant  species,  salt- 
bush  and  grass  vegetation,  are  mostly  ephemeral  annuals. 

Soils  are  derived  from  sandstone  and  shale.    They  are  quite  saline,  but  more 
permeable  and  less  subject  to  erosion  than  the  desert  soils  of  Mancos  Shale 
origin .    Soil  depth  varies  from  none  over  bare  rock  to  several  feet  in  the 
valley  bottoms . 
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FIGURE  111-80.      Salt  desert  shrub  community  located  on  an  alluvial  flood 
plain . 


Ill- 178 


rarJgr1'     vg 

Ml  "--^«t- 1 

^gf-^^f,^^^  s  .-"*;  -. ; 

WBf 

p^  .           .  *> 

:^  * 

MiV*.    ffJ     * 

FIGURE  III— 81 .      Greasewood  community. 

Grasses  and  herbaceous  plants  are  infrequent.  In  the  most  favored  moisture 
sites,  saltgrass  and  alkali  sacaton  are  often  present.  Four-winged  saltbush, 
rabbitbrush,  and  sagebrush  will  occur  on  less  alkaline  soils. 

Wildlife  indigenous  to  this  area  is  similar  to  that  found  immediately  north  and 
east  along  the  pipeline  route. 

The  El  Paso  natural  gas  pipeline  extends  from  Arches  National  Park  to  the  head 
of  Moab  Canyon  and  then  parallels  U.S.  Highway  163  southward  to  Lisbon  Valley 
The  Colony  pipeline  will  parallel  this  existing  line  from  Moab  Canyon  south 
to  Lisbon  Valley  (Figure  111-82)  . 
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FIGURE  111-82.      El  Paso  natural  gas  pipeline  (lower  right)  and  U.S.  Highway 
163;  Courthouse  Wash  is  in  the  upper  right  background. 
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CANYON  LANDS 

Moab  Canyon  is  the  beginning  of  the  final  landform  type  encountered  by  the 
proposed  pipeline  (Figure  111-83)  . 

The  deep  red  sandstone  walls  of  the  south  side  of  Moab  Canyon  dominate  the 
view  as  one  approaches  Moab  from  the  north.    The  existence  of  three  powerlines, 
two  buried  pipelines,  a  railroad,  and  abandoned  highway,  and  a  new  highway 
are  visual  intrusions  in  this  picturesque  canyon  (Figure  III- 84 )  . 

The  topography  is  dominated  by  the  Wingate  Sandstone  cliffs  at  the  top  of  the 
south  side  of  Moab  Canyon.    The  reddish-brown  sediments  of  the  Cutler  and 
Rico  Formations  impart  an  intense  coloration  to  the  lower  half  of  the  south  side 
of  Moab  Canyon. 

This  watershed  is  of  little  importance  as  a  producer  of  water.    It  has  an 
average  annual  evapotranspiration  potential  of  30-33  inches  and  an  average 
annual  precipitation  of  8  to  10  inches,  most  of  it  occurring  during  the  summer 
and  early  fall  months. 

Soils  are  deep,  rocky  sand  and  sandy  loam  derived  from  the  sandstone  forma- 
tions.   They  vary  from  mildly  to  strongly  alkaline.    Surface  colors  reflect 
those  of  the  parent  material. 

The  only  major  aquatic  habitat  on  the  pipeline  route  occurs  at  Moab,  Utah, 
where  the  proposed  pipeline  crosses  the  Colorado  River  and  the  Moab  marsh 
(Figure  III— 85)  .    The  river  at  this  point  contains  numerous  species  of  fish, 
i.e,,  roundtail  chub,  red  shiner,  sand  shiner,  bluehead  sucker,  plains 
killifish,  and  catfish.    A  variety  of  wildlife  species  inhabits  the  marsh. 

The  Moab  marsh   (Figure  111-86)  contains  five  distinct  plant  communities.    They 
are: 


III-181 


PIPELINE  ROUTE 


tot 


FIGURE  111-83 .      View  of  central  Moab  Canyon 
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FIGURE  111-84.       Present  intrusions  in  Moab  Canyon:     railroad,  highway, 
powerline,  and  pipeline  rights-of-way. 
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FIGURE  111-85.       Crossing  of  the  Colorado  Kiver  and  the  Moab  marsh  by  the 
proposed  pipeline  route. 
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FIGURE  111-86.       Moab  marsh. 
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-  Bulrush.    This  community  begins  at  the  water's  edge  and  is  composed 
of  a  pure  stand  of  hardstem  bulrush . 

-  Cattail.    Following  an  ecotonal  area  of  bulrush/cattail  is  a  nearly  pure 
stand  of  cattail.    These  two  communities  occur  in  areas  subject  to 
frequent  flooding  and  long  periods  of  standing  water . 

-  Grass/Herb.    This  community  occurs  on  higher  elevations  and  is  relatively 
dry  year-round,  although  the  water  table  is  at  the  surface.    Common 
plants  include  saltgrass,  rushes,  sedges,  annual  witchgrass,  and 
cockleburs. 

-  Grassland.    Near  the  center  of  the  marsh,  saltgrass  and  alkali  sacaton 
dominate,  with  the  former  comprising  three-fourths  of  the  mixture. 

-  Riparian  Forest.    Fremont  poplar,  tamarisk,  and  Russian  olive  dominate 
this  community.    Tamarisk  and  Russian  olive  are  invading  portions  of 
other  communities,  especially  in  the  dry  areas.    Various  grasses  and 
forbs  form  the  understory  of  the  community. 

A  number  of  wading  birds,  shorebirds,  and  waterfowl  utilize  this  unique 
area  for  nesting  and  brooding,  such  as- the  great  blue  heron,  snowy  egret, 
and  Canada  goose.    Mammalian  species  include  a  variety  of  small  rodents 
which  support  a  carnivorous  fauna  including  gray  fox,  coyote,  racoon,  long- 
tailed  weasel,  and  striped  skunk.    Game  animals  include  mule  deer  and 
ring-necked  pheasant. 

Vegetation  changes  from  salt  desert  shrub  near  Moab  to  a  mixture  with  the 
blackbrush  community  in  Spanish  Valley.    Blackbrush  is  the  dominant  perennial 
in  this  community,  in  association  with  varying  amounts  of  big  sagebrush, 
Mormon  tea,  shadscale,  snakewood,  prickly  pear  and  rubber  rabbitbrush. 
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These  dense  stands  of  brush  have  a  sparse  understory  consisting  mainly 
of  galleta  and  Indian  ricegrass.    Still  farther  up  the  valley,  these  plant 
communities  are  invaded  and/or  supplanted  by  the  Utah  juniper    (Figure  111-87) 

The  reddish  sandy  soils  are  deep  and  alkaline  in  the  lower  valley,  but  an 
impervious  calcium  layer  may  be  encountered  at  depths  ranging  from 
5  to  24  inches.    Soils  tend  to  become  thinner  and  less  alkaline  in  the  higher 
south  end  of  the  valley. 
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FIGURE  111-87.      Juniper  woodland  at  the  southern  end  of  Spanish  Valley, 
just  south  of  the  blackbrush  community. 
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The  existing  El  Paso  natural  gas  pipeline  has  made  large  cuts  through  sandstone 
formations  in  Muleshoe  and  Kane  Springs  canyons  and  on  Bridger  Jack  Mesa 
(Figure  111-88)  . 

The  more  dense  vegetative  cover  of  the  pinyon-juniper  community  tends  to 
reduce  the  amount  of  sediment  produced  which  is  low  to  moderate.    The 
community  has  an  average  annual  precipitation  of  10  inches,  but  a  high 
evapotranspiration  potential  of  30-33  inches.    Erosion  in  the  form  of  bank 
cutting  is  not  a  problem  . 

The  vegetative  communities  present  are  the  pinyon-juniper  woodland  inter- 
spersed with  desert  grassland  shrub   (Figure  111-89)  .    The  desert  grassland- 
shrub  communities  are  basically  a  heterogeneous  mixture  of  grasses  and  shrubs. 
The  heavier  the  past  grazing  use,  the  more  shrubs  dominate  the  aspect.    This 
community  is  generally  located  on  deep,  sandy  soils  on  upland  sites  which 
are  interspersed  with  sagebrush,  four-winged  saltbush,  and  winterfat. 
The  herbaceous  layer  is  comprised  mostly  of  grasses.    Galleta  grass  is 
dominant  Indian  ricegrass,  sand  dropseed,  threeawn,  and  squirreltail 
are  the  major  co-dominants  . 

The  diverse  terrain  and  habitat  between  Moab  and  Lisbon  Valley  supports  a 
wide  variety  of  wildlife.    Most  of  the  species  found  in  the  Grand  Valley  desert 
and  Klondike  Flats  are  found  here  also.    Additional  species  include  mule 
deer,  great-horned  owl,  pinyon  jay  and  cliff  swallow. 

The  last  8  miles  of  the  proposed  pipeline  route  crosses  open  grasslands  and 
passes  slickrock  domes  and  monoliths  formed  on  sandstone.    One  such 
unusual  monolith  is  Casa  Colorado  Rock,  just  north  of  Lisbon  Station  terminal. 
Lisbon  Station  terminal  is  shown  on  Figure  111-90. 
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FIGURE  111-88.    View  of  the  Kane  Springs  Canyon  area 
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FIGURE  111-89.      El  Paso  gas  pipeline  cuts  through  a  sandstone  rim  in  an 
open  pinyon-juniper  community  north  of  Kane  Springs. 
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FIGURE  III- 90.       The  Lisbon  Station  terminal 


IIM91 


PROBABLE  FUTURE  ENVIRONMENT  WITHOUT  THE  PROPOSAL 

The  future  environment  without  the  proposed  action  would  be  affected  by 
the  numerous  changes  occurring  in  the  surrounding  area.    A  new  ski  area 
with  residential  area  and  airfield,  along  with  a  recreation  reservoir  on  the 
Colorado  River,  is  being  planned  southwest  of  Rifle. 

The  town  of  Glenwood  Springs  is  experiencing  rapid  growth  as  a  recreation 
and  retirement  center .    Mountain  subdivisions  are  being  constructed 
throughout  the  entire  western  slope  of  Colorado. 

Grand  Junction  is  experiencing  continued  growth.    The  conversion  of 
Mesa  College  to  a  four-year  college  will  entice  more  families  into  the  area. 
Also,  a  fiberboard  firm  and  a  porcelain  factory  have  begun  construction. 

Populations  are  expected  to  increase  in  the  regional  area  by  as  much  as 
70,  000  to  160,  000  over  the  next  ten  years,  depending  upon  the  extent  of 
development. 

The  completion  of  Interstate  70  will  encourage  more  travel  through  the  area, 
and  this  in  turn  may  cause  more  people  to  settle  in  the  general  vicinity. 

Exploration,  data  gathering,  and  development  planning  is  continuing  on  the 
four  Federal  oil  shale  lease  tracts  in  Colorado  and  Utah.    Other  companies 
have  announced  their  interest  to  produce  from  these  Federal  tracts. 
Companies  such  as  Union,  Superior,  and  Occidental  have  announced  plans 
for  commencement  or  expansion  of  exploration  and  research  activities  on 
their  private  oil  shale  tracts  in  the  area. 

Oil  and  gas  exploration  and  development  is  very  active  and  expanding 
geographically  throughout  the  region.    Coal  exploration  and  development  is 
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also  increasing.    Regional  reserves  are  adequate  for  sustained  production 
at  several  times  current  or  historic  levels. 

Increased  industry  and  development  in  the  future  will  likely  lower  air 
quality.    More  industry  and  people  would  mean  a  higher  demand  for  water. 
In  an  area  that  is  already  short  of  water,  conflicts  in  use  may  arise. 
Increased  population  would  create  increased  demands  for  all  recreation . 
More  land  would  be  required  to  meet  recreation,  residential,  and  industrial 
needs.    This  would  reduce  the  amount  of  land  available  for  agriculture, 
livestock,  and  wildlife.    More  waste  would  be  generated  and  additional  land 
needed  for  its  disposition. 

The  aesthetic  quality  of  the  area  would  generally  be  lowered  as  a  result  of 
the  increased  development  and  activity. 
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CHAPTER  IV 
ENVIRONMENTAL  IMPACTS  OF   THE  PROPOSED  ACTION 

INTRODUCTION 

This  chapter  analyzes  and  discusses  all  of  the  known  and  suspected  primary 
(on-site)  and  secondary  (off-site)  environmental  impacts  which  may  occur  if 
the  proposed  action  is  initiated.    Such  an  evaluation  is  made  with  the  recog- 
nition that  some  results  may  not  occur  exactly  as  estimated  here  since  they 
are  considered  within  the  limits  of  probability  and  uncertainty.    The  following 
chapters  contain  the  required  and  probable  mitigating  measures  to  be  applied 
if  the  proposals  are  approved,  along  with  impacts  which  cannot  be  feasibly 
avoided.    In  a  few  instances,  what  might  be  thought  of  as  mitigation  measures 
are  actually  an  integral  part  of  the  proposed  action .    An  example  would  be  the 
design  of  the  retort/upgrading  complex  as  it  relates  to  air  emissions.    One  of 
the  factors  integrated  into  this  process  is  the  rate  of  emissions. 

A  summary  of  the  potential  impacts  and  their  intensity  is  presented  in  Table 
IV- 1.  The  reader  is  cautioned  that  Table  IV- 1  is  a  summary  and  the  actual 
text  should  be  consulted  for  specific  impacts.    Some  impacts  are  site  specific 
such  as  removal  of  vegetation  along  the  shale  oil  pipeline.    Others  may 
originate  on  site,  but  due  to  their  nature,  affect  the  environment  off  site.    For 
example,  the  deterioration  of  water  quality  resulting  in  an  increase  in 
the  salinity  level  of  the  Colorado  River  could  be  felt  as  far  away  as  Mexico. 
An    attempt  was  made  to  reflect  this  type  of  impact  in  the  table  as  well  as 
direct  on-site  effects .    The  definition  of  the  terms  used  in  the  table  and  through- 
out this  chapter  are  listed  in  the  following  paragraphs. 

MAJOR  ADVERSE  IMPACT 

-  An  impact  that  would  seriously  affect  the  environmental  component. 

-  The  component's  original  usefulness  is  destroyed. 

-  Quality  would  be  destroyed  . 
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TABLE  IV-1 
AGGREGATED  IMPACTS 


INTENSITY  OF   IMPACTS 


ACTIVITY 


IMPACT-CAUSING  AGENTS      MAJOR 


MODERATE        MINOR         NEGLIGIBLE 


UNKNOWN 


Construction 

Shale  Oil  Pipeline 

Oil  Shale  Complex 

Parachute  Creek 

Water,  LPG,  Ammonia, 
Pipelines,  Phone  Duct, 
Road  Improvements 

Railroad  Spur,   Grand 
Valley  Terminal, 
Water  Intake  Structure, 
Road6,   Dams,   Mine 
Bench,   Power  Lines, 
Substations 


Rights-of-Way  Clearing 
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INTRODUCTION 

-  Period  of  recovery  is  substantial  in  relation  to  life  span  or  development 
period  of  the  impacted  item  . 

-  Complete  recovery  to  original  state  is  doubtful . 

MODERATE  ADVERSE  IMPACT 

-  An  impact  that  would  seriously  affect  the  environmental  component. 

-  The  component's  original  usefulness  is  not  completely  destroyed. 

-  Quality  would  be  deteriorated . 

-  Period  of  recovery  is  substantial  in  relation  to  life  span  or  period 
needed  to  recover . 

-  Complete  recovery  to  original  state  is  probable. 

MINOR  ADVERSE  IMPACT 

-  An  impact  that  would  slightly  affect  the  environmental  component. 

-  The  component's  original  usefulness  is  almost  at  full  potential  after 
being  impacted . 

-  Quality  would  be  slightly  impaired . 

-  Period  of  recovery  is  usually  short  or,  if  substantial,  does  not  inhibit 
the  component. 

-  Recovery  to  original  state  is  assured . 

NEGLIGIBLE  IMPACT 

-  An  impact  that  would  not  have  a  noticeable  effect  on  the  environmental 
component. 

-  The  component's  original  usefulness  remains  at  or  near  full  potential. 

-  Quality  would  usually  not  be  affected. 

-  Period  of  recovery  is  usually  short,  or  if  substantial,  does  not  inhibit 
the  component. 

-  Recovery  to  original  state  is  assured . 
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BENEFICIAL  IMPACT 

-  An  impact  that  would  have  a  beneficial  effect  on  the  environmental 
component. 

-  The  component's  original  usefulness  would  be  increased  beyond  its 
current  capacity. 

-  Quality  would  be  enhanced . 

CLIMATE  AND  AIR  QUALITY 

Air  quality  will  be  degraded  by  the  addition  of  dust,  hydrocarbons,  carbon 
monoxide,  sulfur  oxides,  and  nitrogen  oxides  as  a  result  of  construction 
activities,  day-to-day  plant  operations,  and  the  increased  population  anticipa- 
ted as  a  result  of  Colony's  proposal.    The  plant  will  also  generate  substantial 
quantities  of  steam,  water  vapor,  and  odors  characteristic  of  oil  shale  retort- 
ing operations . 

The  areas  most  affected  by  these  pollutants  will  be:    Dow  West  property  as  a 
result  of  plant  construction  and  operations;  Parachute  Creek  valley  as  a  re- 
sult of  a  road  and  ammonia,  LPG,  and  water  pipelines,  and  phone  duct  construc- 
tion as  well  as  day-to-day  traffic  to  and  from  the  plant  complex;   and,  Colorado 
River  valley,  primarily  around  the  community  of  Grand  Valley,  where  a  rail- 
road siding  and  terminal  facilities  will  be  constructed  and  operated.    Addi- 
tional pollutants  in  this  area  are  also  expected  from  the  increased  population 
needed  for  construction  and  operation  of  Colony's  facilities. 

The  analysis  is  divided  into  two  parts .    The  first  part  examines  the  informa- 
tion presently  available  for  projecting  ground  level  concentrations  of  the  major 
emissions  .    The  second  part  is  a  summary  of  the  total  effect  of  the  proposed 
project  on  ambient  air  quality.    All  emissions  as  discussed  in  this  section  are 
based  on  the  current  plant  design  submitted  by  Colony. 
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PROJECTED  AMBIENT  CONCENTRATIONS  OF  POLLUTANTS 

Ambient  air  quality  in  the  presence  of  commercial  shale  oil  operations  may 
be  described  by  the  sum  of  natural  air  contaminant  concentrations  (in  the 
absence  of  other  contamination  sources)  plus  the  concentration  currently 
estimated  to  result  from  plant  operations . 

The  ambient  concentrations  of  various  pollutants  which  will  be  generated  by 
the  proposed  facilities  will  depend  upon  a  variety  of  factors,  including  wind 
speed  and  direction,  temperature  lapse  rates,  local  topography,  precipitation, 
emission  rates,  emission  source  design  characteristics,  temperature  and  dis- 
charge velocity  of  emissions,  and  other  complex  factors  which  tend  to  vary 
substantially  during  even  brief  periods  of  time.    As  a  result,  predictions  of 
the  ambient  concentrations  which  may  result  from  operation  of  the  facilities 
necessitate  the  use  of  multi-variable  equations. 

Estimates  of  concentrations  can  be  hand-calculated  through  the  use  of  simpli- 
fied equations  incorporated  into  models  designed  to  simulate  local  dispersion 
conditions.    More  accurate  projections,  depending  upon  the  complexity  of  the 
source  and  local  topography,  may  require  the  use  of  elaborate  models  and 
computer  programs. 

Three  air  quality  impact  studies  involving  two  modeling  methods  have  been 
completed .    These  studies  have  attempted  to  predict  the  impacts  of  plant 
operations  upon  air  quality  above  the  Roan  Plateau  and  in  the  Parachute 
Creek  and  Colorado  River  valleys,  in  the  vicinity  of  the  facilities  planned 
for  those  areas.    Because  of  the  temporary  and  dispersed  nature  of  emissions 
produced  by  construction  activities,  the  studies  were  confined  to  concentra- 
tions which  may  be  produced  by  operation  of  permanent  installations.    The 
finished  product  pipeline  and  powerline  corridor  were  also  excluded  on  the 
basis  that  they  are  not  expected  to  be  sources  of  significant  emissions  during 
operations . 
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DOW  WEST  PROPERTY 

The  probable  impacts  above  the  plateau  have  been  evaluated  through  the  use 
of  a  Gaussian  plume  model  developed  by  Battelle,  Pacific  Northwest  Laboratories 
(1)  .    This  model  was  originally  applied  to  the  projected  emissions  from  an  earlier 
plant  site  located  at  the  confluence  of  the  Middle  and  East  forks  of  Parachute  Creek 

The  results  of  the  earlier  study  indicated  that  a  likely  potential  existed  for 
inducing  ambient  air  concentrations  of  contaminants  that  would  exceed  current 
air  quality  standards  for  SO?.    As  a  result  of  this  study,  along  with  other 
environmental  factors  including  impacts  to  aquatic  and  riparian  plants  and 
animals,  scenic,  watershed  and  wildlife,  it  was  decided  to  relocate  the  plant 
to  its  present  proposed  location. 

An  on-site  experimental  investigation  was  conducted  by  Battelle  between 
June  29  and  July  6,   1973,  to  estimate  the  pollution  potential  of  a  proposed 
shale  oil  plant  on  the  Roan  Plateau .    The  proposed  location  of  the  shale  oil 
plant,  at  that  time,  was  approximately  3  km  north-northeast  of  the  plant  site 
which  was  ultimately  chosen.    The  similarity  of  the  plateau  terrain  and  the 
nearly  equal  elevations  of  the  two  sites  despite  their  separation,  attest  to  the 
applicability  of  data  from  the  former  plateau  site  to  the  present  plant  site. 
Trace  materials   (fluorescent  powders)  were  released  on  eight  consecutive  days 
from  the  former  proposed  site.    Surface  sampling  was  performed  throughout 
the  valley  and  beyond  in  the  Colorado  River  valley.    Aircraft  sampling  was 
used  to  make  meteorological  measurements  essential  for  the  calculation  of 
plume  rise.    Diffusion  parameters  and  directions  were  acquired  with  the  use 
of  data  from  pibals,  balloons,  and  no-lift  balloons.    These  field  studies,  along 
with  data  from  a  Roan  Plateau  200-foot  meteorological  tower,  provided  additional 
insights  into  transport  and  diffusion  of  material  over  rugged  terrain. 

Analysis  of  the  data  collected  indicates  that  the  tracer  material  released  from 
the  200-foot  tower  on  the  former  plateau  site  showed  that  angular  width  of  the 
plume  decreased  with  distance.    Plume  height  was  lowered  by  entrainment  of  the 
air  at  a  lower  level  into  drainage  flow  and  carried  into  Parachute  Creek. 
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Trace  material  was  entrained  into  the  drainage  flow  and  carried  into  Parachute 
Creek.    The  observations  were  utilized  together  with  those  from  other  field 
operations  in  the  formation  of  an  effective  model. 

The  Gaussian  plume  model  for  atmospheric  diffusion  was  adapted  following 
analysis  of  the  local  diffusion  meteorology  and  current  plume  rise  techniques 
to  provide  pollutant  concentration  predictions  based  on  expected  plant 
emissions . 

The  modified  model's  suitability  for  this  purpose  was  evaluated  through  a 
comparison  of  predicted  and  observed  tracer  distributions .    Its  reliability 
is  judged  to  be  satisfactory  within  the  current  state-of-the-art  when  disposition 
of  the  tracer  material  is  accounted  for .    It  must  be  realized  that  considerable 
uncertainties  are  inherent  in  diffusion  modeling  and  tracer  validation  tests 
and  the  present  state-of-the-art  is  by  no  means  exact. 

A  computer  was  used  to  prepare  summaries  of  monthly  and  annual  mean  concen- 
trations of  the  pollutants  and  of  the  frequency  of  occurrences  of  3-hour  and 
24-hour  concentrations  above  pre-selected  levels  for  each  month  and  the 
entire  year . 

Only  plant  emission  concentrations  and  frequencies  of  occurrence  were  displayed 
on  152-point  square  grid  extending  12  Km  (7.46  miles)  from  the  plant  in  four 
cardinal  directions  as  shown  in  Figure  IV- 1.    Emissions  from  the  utility  boilers 
at  Grand  Valley,  portal  transfer  point,  transfer  tower,  and  reclaim  tunnel  were 
not  included  in  the  Gaussian  plume  model  because  they  are  in  locations  remote 
from  the  plant  site  or  at  substantially  different  elevations.    Table  IV-2  shows 
the  summary  of  the  expected  emissions  and  Tables  II-2,  5,  6,  8,  9,  10,   11,  12, 
and  15  show  the  stack  dimensions  for  the  plant.    The  average  emission  rates  — 
those  on  the  top  line  in  Table  IV-2 —  were  used  in  calculating  monthly  -  annual 
means .    Weighted  average  emission  rates  were  used  in  order  to  reflect  the  fact 
that  the  complex  will  not  be  operating  at  full  capacity  all  of  the  time . 

Maximum  emission  rates — those  on  the  bottom  line  in  Table  IV-2 — were  used 
in  calculating  frequencies  of  occurrence  (1)  . 

It  was  assumed  that  "worst  days"  from  a  meteorological  standpoint  could  occur 
when  the  plant  would  be  operating  at  full  capacity.    This  will  cause  a  modest 
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FIGURE  IV- 1 
DISTRIBUTION  GRID  OF  HYPOTHETICAL  SAMPLING  POINTS 
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TABLE  IV-2 
SUMMARY  OF  ESTIMATED  CONTROLLED  EMISSIONS 
FOR  THE  PROPOSED  COLONY  SHALE  OIL  PLANT   (2) 


SOURCES  LOCATED  AT 

NO.   OF 
STACKS 

EMISSION 

RATES  in  Kgm/hr 

PLANT   SITE 

S02 

NO 

X 

TH 

PM 

CO 

Preheat  Systems 

6 

23.1 
26.1 

596.8 
670.9 

122.7 
136.3 

110.4 
122.7 

19.8 
22.2 

Elutriator  Systems 

6 

43.0 
47.7 

51.4 
57.2 

0.13 
0.13 

98.1 
109.1 

1.3 
1.4 

Coker  Heater 

1 

1.3 
1.4 

3.8 

4.2 

0.09 
0.09 

0.5 
0.5 

0.5 
0.5 

Gas-Oil  Reactor  Feed  Heater 

2 

0.41 
0.45 

1.2 

1.4 

0.04 
0.04 

0.2 
0.2 

0.2 
0.2 

Gas-Oil  Reboiler  Furnace 

1 

1.72 
1.81 

5.1 
5.5 

0.09 
0.09 

0.7 
0.8 

0.6 
0.6 

Naphtha  Reactor  Feed  Heater 

1 

0.18 
0.23 

0.6 
0.6 

0.046 
0.046 

0.09 
0.09 

0.09 
0.09 

Hydrogen  Reforming  Furnace 

4 

12.38 
13.68 

37.3 
41.0 

0.72 
0.82 

5.2 
5.8 

4.5 
4.9 

Boilers    (Auxiliary) 

2 

3.24 
3.60 

9.8 
10.9 

0.18 
0.23 

1.3 
1.4 

1.2 

1.3 

Sulfur  Plant  Tail  Gas  Unit 

1 

42.91 
47.66 

0.0 
0.0 

0.00 
0.00 

0.0 
0.0 

0.0 
0.0 

Shale  Wetter 

6 

0.00 
0.00 

0.0 
0.0 

0.00 
0.00 

110.4 
122.7 

0.0 
0.0 

Fine  Ore  Storage 

1 

0.00 
0.00 

0.0 
0.0 

0.00 
0.00 

1.9 
2.1 

0.0 
0.0 

Fine  Ore  Crusher 

4 

0.00 
0.00 

0.0 
0.0 

0.00 
0.00 

14.9 
16.5 

•  0.0 
0.0 

Coarse  Ore  Crusher 

1 

0.00 

0.0 

0.00 

3.3 

0.0 

Portal  Transfer  Point 

1 

0.00 

0.0 

0.00 

0.23 

0.0 

Transfer  Tower  Feed  Bin 

1 

0.00 

0.0 

0.00 

2.3 

0.0 

Reclaim  Tunnel  Transfer  Point 

1 

0.00 

0.0 

0.00 

2.5 

0.0 

Mine  Ventilator 

3 

0.00 

113.4 

22.7 

11.4 

199.6 

Total  for  Plant  Site 

42 

128.2 
142.6 

819.4 
905.1 

146.7 
160.4 

363.5 
401.7 

227.8 
230.8 

SOURCES   LOCATED  AT 
GRAND  VALLEY 


Utility  Boilers                                        2 

0.2 

0.4 

0.0 

0.05       0 

.05 

Total  for  Both  Sites                           44 

128.4 
142.8 

819.8 
905.5 

146.7 
160.4 

363.6     227, 
401.8     230. 

.8 
8 

NOTE:      Emission  rates  on  first  line 
maximum  values. 

are 

average 

,    rates 

on  second  line  are 
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overestimate  of  the  frequency  of  occurrence  for  exceeding  any  given  ambient 
concentration  and  is  considered  a  "worst  case"  situation. 

It  is  noted  that  the  normal  and  peak  rates  for  carbon  monoxide  were  acci- 
dentally reversed  in  the  Battelle  study  (3)  .    Since  emission  rates  and  calcu- 
lated ambient  concentration  rates  for  carbon  monoxide  are  extremely  low, 
less  than  0.01  percent  of  the  Federal  standards,  little  practical  signifi- 
cance should  be  noted . 

The  plant  is  being  designed  for  maximum  fuel  flexibility,  and  the  emission 
rates  used  in  the  Battelle  study  are  based  on  a  typical  operating  fuel  balance, 
as  described  in  Chapter  II. 

Figures  IV-2  through  IV-6  are  isopleth  maps  showing  the  projected  boundaries 
and  the  annual  mean  concentration  levels  for  sulfur  dioxide,  nitrogen  oxides, 
carbon  monoxide,  particulate  matter,  and  total  hydrocarbons  within  7.5  miles 
of  the  plant  site. 

Analysis  of  these  maps  indicates  that  throughout  the  year  the  highest  annual 
concentration  levels  as  a  result  of  these  emissions  will  occur  in  a  cigar-shaped 
area  originating  at  the  plant  site  and  spreading  in  a  north-northeast  direction 
in  the  vicinity  of  and  crossing  Davis  Gulch.    Concentrations  of  individual 
pollutants  (shown  in  Figures  IV-2  through  IV-6),  which  enter  the  Parachute  Creek 
valley,  are  only  approximately  5  to  20  percent  of  the  highest  estimated  annual 
concentration  levels  occurring  near  the  plant  site. 

Long-term  annual  incremental  concentration  levels,  as  developed  by  the 
Battelle  study,  indicate  that  a  slight  violation  of  the  State  of  Colorado's  S02 
standard  for  Category  I  areas  may  occur  and  that  the  Federal  particulate 
standard  for  Class  II  areas  would  be  equaled . 

Table  IV-3  shows  the  normalized  summaries  for  the  annual  frequency  of 
occurrence  for  concentration  levels  of  3-  and  24-hour  periods  for  sulfur 
dioxide,  particulate  matter,  nitrogen  oxides,  and  total  hydrocarbons.    Carbon 
monoxide  is  also  included  in  the  3-hour  concentration  level  summary. 
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FIGURE  IV-2 
ANNUAL  MEAN  CONCENTRATION  FOR  SULFUR  DIOXIDE   (S02;ugm/m   )     (1) 


IV-11 


IMPACTS 


MILES 


FIGURE  IV-3 


ANNUAL  MEAN  CONCENTRATION  FOR  NITROGEN  OXIDES   (NO    ^gm/m°)    (1) 

.A. 
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MILES 


FIGURE  IV-4 

3 

ANNUAL  MEAN  CONCENTRATION  FOR  CARBON  MONOXIDE   (CO  jugm/m   )     (1) 
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FIGURE  IV-5 


ANNUAL  MEAN  CONCENTRATION  FOR  TOTAL  HYDROCARBONS   (TH  jugm/m3)    (1) 
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FIGURE  IV-6 


ANNUAL 


MEAN  CONCENTRATION  FOR  PARTICULATE  MATTER   (PM  »gm/m> 
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The  24-hour  mean  for  sulfur  dioxide,  particulate  matter,  total  hydrocarbons, 

and  nitrogen  oxides,  consists  of  8  consecutive  3-hour  mean  concentrations.    In 

order  to  identify  any  24-hour  mean  that  exceeds  a  given  limit,  each  24- hour 

period  was  separated  from  the  previous  one  by  only  3  hours.    If  an  excessive 

mean  concentration  was  identified,  the  data  for  that  24  hours  were  excluded 

from  further  consideration  so  that  an  unusually  high  1-hour  mean  concentration 

would  not  be  tabulated  as  8  excessive  24-hour  occurrences  (1)  .    The  concentration 

limits  for  the  24-hour  mean  frequency  of  occurrence  summary  were  selected 

at  10,  15,  30,  100,   150,  300,  400  and  l,000ugm/m3.    Table  IV-3  represents 

normalized  summaries  of  Battelle's  computer  printouts  for  the  annual  frequency 

of  occurrence  for  the  above  concentration  limits.    Where  no  concentration 

levels  showed  up  anywhere  within  the  grid  system  (Figure  IV- 1)  ,  the  next 

higher  concentration  levels  were  deleted  from  the  table.    A  column  for  carbon 

monoxide  is  not  shown  in  the  24-hour  frequency  of  occurrence  column, 

3 
evidently  because  the  24-hour  mean  was  less  than  10jugm/m    everywhere  within 

the  boundaries  of  the  study  area.    The  3-hour  means  more  closely  approach 

the  Federal  standards  for  comparative  purposes  than  do  24-hour  means. 

The  left  hand  column  of  Table  IV-3  identifies  the  grid  number,  as  shown  in 
Figure  IV-1 .    Columns  to  the  right  of  the  grid  column  identify  the  air  contaminants 
and  their  concentration  levels .    Reading  down  the  selected  column  shows  the 
frequencies  in  times  per  year  that  the  selected  concentration  level  occurred 
in  a  given  3-kilometer  (1.86  miles)  or  1-kilometer  (0.62  miles)  grid  spacing. 
The  reader  is  referred  to  Figure  IV-1  for  grid  map  locations  of  where  the 
estimated  frequencies  and  concentration  levels  occur. 

The  values  in  Battelle's  original  computer  printouts  for  3-  and  24-hour  frequencies 
of  occurrence  were  not  computed  for  a  full  365-day  year.    The  3-hour  frequency 
of  occurrence  values  were  derived  from  2, 140  (of  a  possible  2,922  for  a  full  year) 
measurements;  the  24-hour  frequency  of  occurrence  values  were  derived  from 
213  (of  a  possible  365  for  a  full  year)  measurements.    It  was  therefore  necessary 
to  normalize  the  Battelle  data  to  represent  an  annual  summary  of  frequencies 
of  occurrence  for  concentration  levels  of  3-  and  24-hour  periods  for  the  various 
pollutants  (Table  IV-3)  .    Normalization  of  the  Battelle  data  necessitated  the 
rounding  of  values  to  the  nearest  whole  number  for  presentation  in  Table  IV-3 
as  frequencies  of  occurrence. 
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Analysis  of  the  data  in  Table  IV-3  shows  that  predicted  short-term  concentration 
levels  for  several  regulated  air  contaminants  may  violate  or  equal  Federal  and 
State  of  Colorado  air  quality  standards .    Sulfur  dioxide  may  exceed  the 
state  of  Colorado's  incremental  standards  for  annual  and  24-hour  periods. 
Particulate  matter  may  at  numerous  points  exceed  the  Federal  incremental 
standard  for  Class  II  areas .    Some  violation  of  the  State  of  Colorado's  short- 
term  standard  and  the  Federal  secondary  standard  may  be  expected. 

Table  rv-4  and  IV-5  show  the  Federal  and  State  of  Colorado's  ambient  air 
quality  standards . 

Discussed  below  are  the  incremental  concentrations  of  total  hydrocarbons,  SO«, 
NO   ,  particulates,  and  CO  that  were  calculated  by  the  1975  Battelle  supplemental 
report  based  on  current  estimates  of  maximum  plant  emissions .    Incremental 
concentrations  are  those  caused  by  plant  activities  over  and  above  estimated 
existing  ambient  air  quality.    Table  111-30  gives  an  estimate  of  existing  ambient 
air  quality  for  the  area  of  the  mine  and  plant  site.    The  reader  should  refer  to 
Table  111-30  for  comparison  purposes  during  the  following  discussion. 

Total  Hydrocarbons.    The  highest  annual  mean  concentrations  of  total  hydro- 

3 
carbons  are  predicted  to  average  between  1.0  and  2.4jugm/m    at  ten  grid  points, 

or  approximately  1.7  percent  of  the  study  area  of  about  221  square  miles. 

Boundaries  of  annual  mean  total  hydrocarbon  levels  are  shown  in  Figure  IV-5. 

Incremental  (plant  related)  concentrations  are  predicted  to  be  between  150 

3 
and  300;ugm/m    during  a  single  3-hour  occurrence  per  year  at  grid  point  135. 

Both  the  Federal  primary  and  secondary  standards  for  non-methane  hydrocarbons 

3 
allow  a  concentration  level  greater  than  160  jugm/m    for  3  hours  from  6  to  9A.M. 

for  only  once  a  year.    Results  of  the  Battelle  study,  however,  are  indicated  for 

total  hydrocarbons  for  which  there  are  no  Federal  or  State  of  Colorado  standards. 
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TABLE  IV-4 
FEDERAL  AMBIENT  AIR  QUALITY  STANDARDS 


POLLUTANT 


AVERAGING 
TIME  (a) 


PRIMARY 
STANDARDS  (b) 


SECONDARY 
STANDARDS  (c) 


Sulfur  Dioxide 


Annual  Arithmetic 
Mean 

24-hour 


3-hour 


80  ugm/rrT 
(0.03  ppm) 

365  Aigm/rrT 
(0.14  ppm) 


1,  300  ugm/mv 
(0.5  ppm) 


Suspended  Par- 
ticulate Matter 


Annual  Geometric 
Mean 

24-hour 


75  ugm/m~ 


260  jagm/mv 


60  ugm/mv 


150  jugm/mv 


Carbon  Monoxide 


8-hour 


1-hour 


10  mg/m 

(9  ppm) 
3 
40  mg/m 

(35  ppm) 


Same  as 

Primary  Standard 


Photochemical 
Oxidants 
(Corrected  for 
N02  and  SOJ 


1-hour 


160  jugm/m" 
(0.08  ppm) 


Same  as 

Primary  Standard 


Hydrocarbons 
(Corrected  for 
Methane) 


3-hour 
(6  to  9  A.M.) 


160  jugm/m^ 
(0.24  ppm) 


Same  as 

Primary  Standard 


Nitrogen  Oxides 


Annual  Arithmetic 
Mean 


100  ugm/rrT 
(0.05  ppm) 


Same  as 
Primary  Standard 


(a)  The  1-,    3-,    8-,   and  24-hour  standards  are  maximum  concentrations 
not  to  be  exceeded  more  than  once  per  year. 

(b)  Primary  Standards  are  intended  to  protect  the  public  health. 

(c)  Secondary  Standards  are  intended  to  protect  the  public  welfare 
from  any  known  or  anticipated  adverse  effects  of  a  pollutant. 
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TABLE  IV-4   (Cont.) 

Particulate  Matter  and  Sulfur  Dioxide 

Prevention  of  Significant  Deterioration  Regulations 

Pollutant  Class  II 

3 
(in  ugm/m  ) 

Particulate  Matter 

Annual  Geometric  Mean  10 

24-Hour  Maximum   (a)  30 

Sulfur  Dioxide 

Annual  Arithmetic  Mean  15 

24-Hour  Maximum   (a)  100 

3-Hour  Maximum   (b)  700 

(a)  A  24-hour  maximum  of  any  24-hour  period  and  must  not  be  exceeded 
more  than  once  in  a  12-month  period. 

(b)  A  3-hour  maximum  of  any  3-hour  period  and  must  not  be  exceeded 
more  than  once  in  a  12-month  period. 
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TABLE  IV-5 

AMBIENT  AIR  STANDARDS  FOR  THE  STATE  OF  COLORADO 

Suspended  Particulate  Matter  and  Sulfur  Dioxide 

3 
(Micrograms  per  cubic  meter  -  jigm/m   ) 


Suspended  Particulate  Matter   (a) 


Non-Designated  Areas 


Short-Term   (b) 
Long-Term   (c) 


150  ugm/rrf 
3 

45  iigm/m 


(a)  Measured  at  ambient  conditions 

(b)  A  24-hour  maximum  of  any  24-hour  period  and  must  not  be  exceeded 
more  than  once  in  a  12-month  period. 

(c)  An  annual  arithmetic  mean  of  all  24-hour  concentrations. 


Sulfur  Dioxide  (a) 


Category  I 
Maximum  Allowable  Increment  Over  Baseline 


Annual  Mean   (b) 
24-Hour  Maximum  (c] 
3-Hour  Maximum   (d) 


3  ugm/m 
15  jjgm/rrf 
75  jjgm/m' 


(a)  0    Centigrade  -  760  mm  Hg  . 

(b)  An  annual  arithmetic  mean  of  all  24-hour  concentrations. 

(c)  A  24-hour  maximum  of  any  24-hour  period  and  must  not  be 
exceeded  more  than  once  in  a  12-month  period. 

(d)  A  3-hour  maximum  of  any  3-hour  period  and  must  not  be  exceeded 
more  than  once  in  a  12-month  period. 
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As  the  estimated  ambient  background  concentration  of  non-methane  hydrocarbons 

3 
is  high  (130jugm/m  ) ,  it  is  anticipated  that  the  Federal  standards  may  be 

exceeded  several  times  per  year,  judging  from  the  predicted  increases  for 

total  hydrocarbons  (of  which  non-methane  hydrocarbons  are  a  part)  . 

Incremental  concentrations  of  total  hydrocarbons  in  the  area  of  the  mine  and 
plant  site  will  increase  the  estimated  existing  ambient  background  concentration 
by  up  to  only  approximately  0.25  percent. 

Sulfur  Dioxide.    S02  is  a  colorless  gas  that  is  extremely  stable,  is  a  little  more 
than  twice  as  dense  as  air  ,  and  has  a  characteristic  choking  odor,  similar  to  a 
burning  match  minus  the  phosphorous  smell.    Sulfur  dioxide  gas  readily 
dissolves  in  water,  forming  a  solution  of  sulfurous  acid  (K^SOg)  ,  a  weak, 
dibasic  acid.    The  possibility  of  the  formation  of  sulfurous  acid  in  the  atmos- 
phere around  the  plant,  producing  an  acid  rain,  is  considered  practically 
impossible  because  of  the  composition  of  emissions  and  their  controls, 
the  dry  climate ,  and  the  plant  location . 

The  Battelle  study  predicts  an  annual  mean  concentration  of  bewteen  1.0  and 

3 
3.5  jugm/m    in  a  north-northeast  direction  from  the  plant  site  (see  Figure  IV-2)  . 

An  incremental  increase  of  up  to  approximately  250  percent  over  the  estimated 

existing  ambient  background  concentration  of  sulfur  dioxide  may  be  expected 

in  the  area  of  the  mine  and  plant  site.    The  highest  annual  mean  concentration, 

3 
3.5jugm/m   ,  occurs  at  grid  point  32.    This,  plus  the  estimated  ambient  S09 

3 
background  concentration  for  the  area,  1.0^igm/m   ,  is  only  about  5.6  percent 

of  the  primary  Federal  SO~  standard.    The  annual  predicted  mean  concentration 

at  grid  point  32  exceeds  the  State  of  Colorado's  maximum  allowable  increment 

over  baseline  by  about  17  percent. 

The  Battelle  air  model  study  predicts  two  24-hour  occurrences  of  between 

3 
30  and  100  pgm/m    in  grid  135.    It  also  predicts  two  24- hour  occurrences 

3 
once  a  year  of  between  15  and  30  jugm/m    at  eleven  grid  points  of  1-kilometer 

spacing,  or  about  1.5  percent  of  the  study  area;  five  24- hour  occurrences  a 

year  at  two  grid  points,  0.3  percent  of  the  study  area;  and  twenty-four  and 

twenty-two  24-hour  occurrences  per  year  at  two  and  one  grid  points,  respectively, 

or  about  0.4  percent  of  the  221-square  mile  study  area. 
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Single  occurrences  at  any  given  grid  point  will  fall  within  the  Federal  and  State 

3 
of  Colorado's  incremental  SO„  standards.    A  concentration  level  of  30  ngm/m 

which  is  established  more  than  once  for  a  24-hour  occurrence  per  grid  point, 

would  constitute  30  percent  of  the  Federal  standard  and  twice  the  State  standard. 

A  problem  occurring  here,  as  with  prediction  of  ground  level  concentrations 

of  other  air  contaminants,  is  that  the  confidence  level  of  the  model  predictions 

for  a  single  calculation  is  not  high.    Historically,  diffusion  models  are  50 

to  90  percent  effective  in  predicting  concentrations  within  a  factor  of  2  (1)  . 
If  was  found  that  50  percent  of  the  predicted  values  were  within  a  factor  of 
2  of  the  observed  values  only  when  the  totals  of  sampling  stations  on  each  arc 
were  considered.    When  comparison  at  individual  sampling  sites  was  made, 
there  was  a  preponderance  of  high  predicted  values—up  to  40  times  greater 
than  observed — at  lower  observed  concentrations .    The  comparison  of  observed 
and  predicted  peak  values  shows  predictions  within  a  factor  of  2  about  half  the 
time,  with  predicted  values  generally  exceeding  the  observed  values. 

High  confidence  in  a  single  calculation  is  not  justified.    An  example  is  the  high 
ambient  concentrations  of  pollutants  predicted  at  grid  point  135,  which  should  be 
used  with  caution  because  of  its  lack  of  consistency  with  the  surrounding  grid 
points .    As  the  values  represent  increased  space  or  time  averaging,  they  can 
be  viewed  as  the  most  reliable .    Thus ,  the  annual  means  can  be  viewed  as  the 
most  reliable,  whereas  the  frequency  of  occurrence  of  3-hour  means  is  the 

least  reliable  (1)  .    The  24-hour  frequency  of  occurrence  is  more  reliable  than 
the  3-hour  mean  and  less  reliable  than  the  annual  mean. 

Under  the  worst  case  situation  of  twenty-four  24-hour  occurrences  of  between 

3 
15  and  30  jugm/m    at  each  of  two  grid  points  and  twenty-two  occurrences  at  the 

same  concentration  for  one  additional  grid  point,  and  assuming  the  concentration 

levels  are  at  the  high  end  of  the  range  and  a  50  percent  confidence  within  a 

factor  of  2,  it  is  likely  that  the  State  of  Colorado's  incremental  SO?  standards 

may  be  exceeded  at  least  several  times  per  year.    One  factor  which  should  be 

considered  is  that  the  emission  rates  of  SO„  from  sulfur  tail  gas  units  could  be 

substantially  less  than  the  predicted  emission  rate  values  and  would,  thus, 

tend  to  lessen  the  probability  of  exceeding  the  State  of  Colorado's  S02  incremental 

standards . 
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Oxides  of  Nitrogen.    NO     emission  (total  nitrogen  oxides  measured  as 
NO?)  estimates  are  summarized  in  Table  IV-2. 

Primarily  NO  and  NO„  will  be  emitted  from  stack  sources.    Nitrous  oxide  is  a 
colorless  poisonous  gas  which  turns  reddish-brown  in  air  by  oxidation    to 
nitrogen  dioxide . 

Nitrogen  dioxide  is  a  suffocating,  poisonous,  strongly  oxidizing  gas.    The 

3 
olfactory  threshold  of  NO„  is  about  225  jjgm/m     (0.12  ppm)  . 

3 
The  predicted  maximum  annual  mean  concentration  level  is  15.85  ugm/m 

3 
at  grid  point  32.    Annual  concentration  levels  of  between  5  and  15  ugm/m 

are  predicted  to  occur  over  approximately  15  percent  of  the  221-square-mile 

study  area.    An  incremental  increase  of  up  to  approximately  400  percent 

over  the  estimated  existing  ambient  background  concentration  of  nitrogen 

oxides  may  occur  in  the  area  of  the  mine  and  plant  site. 

3 
Primary  and  secondary  Federal  standards  for  NO    are  lOO^gm/m   ,  thus, 

the  maximum  predicted  annual  values  are  approximately  16  percent  of  the 

Federal  standards.    There  are  no  NO     standards  for  the  State  of  Colorado. 

x 

3 
Two  24-hour  occurrences  of  a  concentration  level  between  150  and  300jugm/m 

are  predicted  at  grid  point  135.    Twenty-four  hour  mean  concentrations 

3 
of  between  100  and  150  ugm/m    are  predicted  to  occur  at  four  grid  points 

(about  3  percent  of  the  study  area)  from  two  to  five  times.    There  are  no 

Federal  or  State  of  Colorado  standards  for  24-hour  or  3-hour  levels  of  NO    . 

Particulates .    Solid  particulates  will  be  emitted  from  primary  and  final  crushing, 
final  ore  storage,  raw  shale  preheating,  processed  shale  wetting,  and  the  ball 
circulation  system .    A  summary  of  estimated  emission  rates  is  shown  on  Table 
IV-2.    Particulate  emissions  from  the  primary  crusher  were  not  included  in 
the  Battelle  study . 

3 

The  predicted  annual  mean  concentration  of  between  1  and  10  ugm/m 

is  projected  to  include  approximately  17  percent  of  the  221-square-mile 
study  area. 
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3 

The  highest  annual  concentration  level  of  lOjugm/m    is  approximately 

22  percent  of  the  State  of  Colorado's  long-term  particulate  standard  and 
equals  the  Federal  incremental  particulate  standard  for  Class  II  areas . 
An  incremental  increase  of  up  to  100  percent  above  the  estimated  ambient 
background  levels  may  occur  in  the  area  of  the  mine  and  plant  site. 

Two  24-hour  occurrences  of  a  concentration  level  between  150  and  300  jugm/m 

are  predicted  to  occur  at  grid  point  135.    As  previously  mentioned  under 

sulfur  dioxide,  the  confidence  level  of  a  peak  level  at  one  grid  point  is 

not  high.    These  two  occurrences  would  violate  the  State  of  Colorado's 

short-term  particulate  standard  and  the  Federal  secondary  standard  for 

particulates .    Twenty-four  hour  mean  concentration  levels  of  between 

3 
30  and  100  jugm/m    are  predicted  to  range  from  2  to  56  days  at  26  grid 

points,  or  about  3.5  percent  of  the  221-square-mile  study  area.    This  could 

represent  a  considerable  violation  of  the  Federal  incremental  particulate 

standard  for  Class  II  areas . 

Carbon  Monoxide:    Carbon  monoxide  is  a  colorless,  odorless,  toxic  gas  that 
burns  to  carbon  dioxide  with  a  blue  flame.    It  is  formed  as  a  product  of  incom- 
plete combustion . 

3 

Its  annual  mean  concentration,  ranging  from  0.1  to  0.8>ugm/m   ,  is  projected 

to  include  approximately  18  percent  of  the  221-square  mile  study  area.    There 
are  no  Federal  or  State  of  Colorado  standards  for  annual  concentration  levels 

3 
The  model's  3-hour  peak  level  prediction  of  between  50  and  75  jugm/m 

at  grid  point  135  occurs  once  annually.    The  3-hour  mean  frequency  of  occur- 
rence assumes  that  3-hour  means  are  represented  by  the  1-hour  means  (1)  . 

3 
Assuming  a  peak  concentration  level  of  74jjgm/m   ,  the  peak  projection  would 

be  0.19  percent  of  the  Federal  1-hour  primary  standard  for  carbon  monoxide. 
There  are  no  Federal  secondary  or  State  of  Colorado  standards  for  one-hour 
occurrences  of  carbon  monoxide . 
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Flaring:     The  purpose  of  the  proposed  flare  system  at  the  plant  site,  as  in  most 
refinery  complexes,  is  to  provide  an  emergency  outlet  for  non-storable  light 
gases  during  upset  situations,  start-up,  and  planned  maintenance.    The  flaring 
system  will  also  be  used  during  the  start-up  or  shut-down  periods.    Upset 
conditions  will  probably  occur  most  often  during  the  first  year  of  operations. 
As  operations  stabilize,  these  occurrences  should  decrease  significantly. 
Upset  or  emergency  conditions  are  not  planned  and  may  involve  an  infinite 
combination  of  operating  and  equipment  factors,  so  flaring  frequency  and  the 
combination  of  gases  sent  to  the  flare  are  not  definite. 

The  flare  tip  is  designed  to  completely  combust  hydrocarbons  to  C02  and  water, 
sulfur  compounds  to  sulfur  dioxide,  ammonia  and  nitrogen  compounds  to, 
primarily,  nitrogen  and  water  and  small  amounts  of  nitrogen  oxides.    The 
amount  of  each  type  of  the  contaminant  produced  will  vary  depending  on 
the  nature  and  duration  of  the  upset  conditions. 

Start-Up .    At  full  capacity,  a  single  pyrolysis  unit  will  produce  approximately 
18  tons  of  hydrogen  sulfide  (H„S)  .    This  gas  will  be  oxidized  by  flaring, 
converting  H~S  to  sulfur  dioxide  (SO?)  .    Colony  has  estimated  that  sulfur 
production  rate  will  have  to  be  between  17  and  34  tons  per  day  before  the 
sulfur  recovery  unit  will  operate.    One  pyrolysis  train  will  have  to  be  operating 
at  full  capacity  and  a  second  train  at  full  or  partial  capacity  to  bring  the  sulfur 
recovery  unit  into  operation.    Temporarily,  an  estimated  emission  rate  of 
between  34  to  68  tons  per  day  of  sulfur  dioxide  is  possible,  though  probably 
less  than  68  tons  per  day  will  be  emitted  during  the  start-up  phase.    The  esti- 
mated start-up  emission  rates  will  be  between  20  and  40  times  greater  than  the 
predicted  emission  rates  for  SO„  during  normal  operations.    The  ground  level 
concentrations  as  a  result  of  these  higher  emissions  are  unpredictable  because 
the  emission  sources  will  be  in  slightly  different  locations  than  those  used 
in  the  Battelle  air  model  study.    Also,  it  is  unknown  what  the  meteorological 
conditions  would  be  during  the  start-up  phase  and  upset  conditions.    Ground 
level  concentration  frequency  of  occurrences  for  SO_,  shown  in  Table  IV- 3, 
could  be  increased  by  20  to  40  times. 
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Mine.  The  estimated  ground  level  concentrations  for  emission  rates  of  air 
pollutants  as  a  result  of  mine  and  primary  crushing  operations  are  shown 
in  Table  IV-6. 

TABLE  IV-6 

INCREMENTAL  AMBIENT  CONCENTRATIONS  OF  VARIOUS  POLLUTANTS  IN  THE 

AREA  OF  THE  MINE  AND  PLANT  SITE  AND  PARACHUTE  CREEK  VALLEY 

RESULTING  FROM  MINING  AND  PRIMARY  CRUSHING  OPERATIONS   (3) 

CONTAMINANT  ugm/m3 

Particulates  4 

Hydrocarbons  4 

Nitrogen  Oxides  25 

Carbon  Monoxide  40 


These  emissions  can  be  added  to  those  assumed  in  the  "ventilated  box  model" 
analysis  of  ambient  air  quality  impact  in  the  Parachute  Creek  valley  in  order 
to  arrive  at  a  projection  of  the  incremental  ground  level  concentrations  that 
might  result  from  these  sources. 

Three  additional  sources  of  particulate  matter  were  not  included  in  the 

Battelle  diffusion  study--the  portal  transfer  point,  transfer  tower,  and  reclaim 

tunnel.    If  these  emissions,  on  the  order  of  11  pounds  per  hour  of  particulates, 

were  assumed  to  be  entrained  in  a  drainage  flow  while  an  inversion  condition 

existed  in  Parachute  Creek  valley,  then  the  "factoring"  approach  could  be  used 

to  predict  incremental  ground  level  (valley)  particulate  concentrations  on  the 

order  of  1  ugm/m     (4)  .    Alternatively,  a  simplified  Gaussian  diffusion  approach 

can  be  used  for  a  crude  approximation.    Using  this  approach,  Colony  has 

3 
calculated  maximum  downwind  concentrations  of  12  and  140  ugm/m    for  the 

transfer  tower  and  reclaim  tunnel,  respectively  (4)  .    Since  the  primary  dif- 
ference between  the  two  sources  is  stack  height  (75  feet  versus  15  feet)  , 
Colony  has  concluded  that  if  the  latter  estimate  is  eventually  confirmed  by 
more  sophisticated  modeling  techniques,  problematical  downwind  concentra- 
tions resulting  from  the  operation  of  these  facilities  could  be  easily  rectified 
by  increasing  the  stack  height  of  the  reclaim  tunnel. 
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The  impact  upon  air  quality  in  Parachute  Creek  valley  resulting  from  various 
transportation  schemes  for  plant-related  traffic  was  investigated  by  Marlatt 
and  Associates  (5)  .    Major  meteorological  and  climatological  components  of 
air  pollution  dispersion  were  determined  from  available  data  and  a  review  of 
local  topography.    Air  flow  figures  are  given  in  Figure  III- 50.    Emissions  were 
estimated  from  the  projected  volume  of  automobile  and  truck  traffic,  average 
length  of  access  road,  average  vehicle  speeds,  and  emission  factors  applic- 
able to  typical  mixes  of  vehicles  operating  at  5,  000  feet  elevation.    Ambient 
concentrations  were  calculated  for  traffic  volumes  which  may  be  generated 
during  plant  construction  and  operation . 

The  technique  used  to  estimate  ground  level  concentrations  was  to  combine 
emissions,  meteorological  conditions,  and  topography  into  a  "box  model" 
computation.    The  width  of  the  box,  in  this  case,  Parachute  Creek  valley, 
was  determined  by  dividing  the  canyon  into  six  two-mile  segments,  as  shown 
in  Figure  IV-7.    For  any  given  mixing  depth,  the  average  width  of  the  canyon 
from  canyon  floor  to  the  height  used  in  the  box  model  formula  was  estimated 
from  topographic  maps.    Although  no  data  was  available  for  the  depth  of  the 
mixing  layer,  other  studies  by  Marlatt  indicate  that  under  downslope  flow 
conditions,  for  which  the  study  is  oriented,  a  mixing  layer  from  300  to  1,000 
feet  seems  reasonable  (5)  . 

There  was  no  information  on  the  mean  wind  speed  through  the  mixing  depths 
defined  in  Parachute  valley,  but  mean  monthly  wind  speeds  were  postulated 
at  the  surface  for  several  stations  located  in  and  around  the  Parachute  Creek 
valley.    The  wind  speed  typically  increases  logarithmically  with  height 
above  the   ground .    Use  of  these  surface  values  will  tend  to  underestimate  the 
mean  wind  speed  and  overestimate  the  resulting  ground  level  concentrations 
through  the  box.    Table  IV-7  summarizes  the  average  duration  and  wind  speed 
for  both  down-valley  and  up-valley  flow  conditions  for  two  stations — one 
located  at  the  confluence  of  Middle  and  East  Middle  forks  of  Parachute  Creek 
(Station  #1)  ,  elevation  6,025  feet,  and  the  other  located  in  Grand  Valley 
(Station  #8)  .    The  data  presented  are  for  the  months  with  lowest  average  wind 
speed  (5)  .    Based  on  this  data,  Marlatt  decided  to  use  a  mean  wind  speed 
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FIGURE  IV-7 

SCHEMATIC  OUTLINE  OF  SIX  AREAS  USED  TO  DETERMINE  BOX  VOLUME 

IN  PARACHUTE  CREEK  VALLEY   (5) 
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through  the  mixing  layer  of  2  . 0  and  10.0  MPH  .    A  range  of  ground  level 
concentrations  based  on  the  lowest  dispersion  condition  of  2.0  MPH  through 
a  mixing  depth  of  300  feet  and  the  best  dispersion  situation  of  10.0  MPH 
through  a  mixing  depth  of  1,000  feet  were  used  for  calculating  pollutant 
concentration  levels  in  the  box  model  formulas.    Table  IV- 8  shows  the 
projected  concentration  levels  from  vehicular  exhausts  for  the  Parachute 
Creek  valley. 

The  reliability  of  a  box  model  study  is  within  one  order  of  magnitude,  probably 
within  a  factor  of  3  or  4.    No  ambient  air  quality  problems  were  indicated 
from  this  preliminary  evaluation  and,  therefore,  more  sophisticated 
modeling  was  not  conducted  . 


TABLE  IV-7 

AVERAGE  DURATION  AND  WIND  SPEED  FOR 

DOWN-VALLEY  AND  UP-VALLEY  FLOW  DURING 

PEAK  STAGNATION  PERIODS  IN  PARACHUTE  CREEK  VALLEY   (5) 

DOWN-VALLEY  FLOW 

AVG.   DURATION,    HOURS        AVG .  WIND  SPEED,  MPH 


Station  #1 
Station  #8 


13.3 
9.0 


2.4 
4.6 


Station  #1 
Station  #8 


UP-VALLEY  FLOW 


AVG.   DURATION,    HOURS        AVG.    WIND  SPEED,   MPH 


5.5 
11.0 


3.2 
5.4 
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TABLE  IV-8 

AMBIENT  CONCENTRATIONS  OF  VARIOUS 

POLLUTANTS  IN  PARACHUTE  CREEK  VALLEY 

RESULTING  FROM  VEHICULAR  EXHAUSTS*  (pgm/m3)    (5) 


INVERSION  HEIGHT 


LOWEST  DISPERSION  RATE 
300  FEET  (2  MPH 
WIND  SPEED) 


HIGH  DISPERSION 

1000  FEET   (10  MPH 

WIND  SPEED) 


Hydrocarbons  (a) 
Construction 
Operation 


19 
18 


0.2 
0.2 


Carbon  Monoxide  (b) 
Construction 
Operation 


121 
98 


• 

1.6 
1.3 


Nitrogen  Oxides  (c) 
Construction 
Operation 


6.3 

7.2 


0.0 
0.1 


Sulfur  Dioxide  (c) 
Construction 
Operation 


0.7 
0.6 


0.0 
0.0 


Particulates  (c) 
Construction 
Operation 


0.5 
0.7 


0.0 
0.0 


♦Includes  Plant-generated  diesel-powered  traffic  and  assumes  100%  use 
of  automobiles  by  plant  employees . 

(a)  3-Hour    (6:00  -  9:00  A.M.) 

(b)  8-Hour 

(c)  24-Hour 
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Based  on  these  studies,  it  appears  that  emissions,  as  shown  in  Table  IV-8, 
from  traffic  associated  with  mine  and  plant  employment  in  the  Parachute  Creek 
valley  will  not  exceed  applicable  standards,    even  during  the  worst  inversion 
conditions.    It  should  be  emphasized  that  there  are  obvious  limitations  to 
the  accuracy  of  the  emission  factors,  box  volume  calculations,  and  traffic 
volume  estimates  used  in  these  analyses.    In  addition,  the  studies  did  not 
include  estimates  of  emissions  from  other  facilities  located  in  or  near  the 
valley  such  as  the  staging  area,  a  possible  Battlement  Mesa  project,  and 
the  shale  oil  complex. 

The  concentration  levels  identified  in  the  Marlatt  study  are  projected  not 
to  exceed  Federal  primary  or  secondary  standards.  Annual  concentration 
levels  of  pollutants,   as  a  result  of  plant  operations,   are  predicted  not 
to  exceed  Federal  and  State  of  Colorado  ambient  standards  in  Parachute 
Creek  valley. 

Aggregate  of  Estimated  Air  Pollutant  Concentration  Levels.    There  are  five 
air  dispersion  studies  which  predict  the  ground  concentration  levels  of 
pollutants  in  the  upper  part  of  the  Parachute  Creek  valley  near  the  confluence 
of  the  East,    West,   and  Middle  forks  of  Parachute  Creek.      The  studies  were 
made  by  Battelle,  Marlatt,  and  Colony,  whose  three  dispersion  models  were 
previously  discussed .    All  the  studies  included  dispersion  rates  during 
inversion  episodes.    Taking  into  account  their  assumptions,  an  analysis 
will  be  made  by  combining  the  predicted  results  of  the  five  studies  for  a 
worst  case  situation.    Table  IV-9  shows  the  combined  totals  of  the  Battelle 
(1)  ,  Marlatt  (5)  ,  Colony's  dispersion  study  for  the  mining  operations  (3)  , 
and  Colony's  simplified  Gaussian  diffusion  approach  for  the  raw  shale 
handling  points  (3)  not  included  in  the  Battelle  study. 

A  comparison  of  the  short-term  concentrations  of  air  pollutants  in  the  combined 
column  in  Table  IV-9  with  annual  average  estimates  of  background  ambient 
air  quality  in  Table  111-30  shows  that  existing  background  air  quality  would  be 
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TABLE  IV-9 

WORST  CASE  ASSUMPTION  BY  COMBINING  ESTIMATED  POLLUTANT 

CONCENTRATION  LEVELS  FROM  FOUR  AIR  MODEL  STUDIES 

POLLUTANTS  COLONY 

in  jugm/m3  BATTELLE         MARLATT         MINE         COLONY     COMBINED 

Hydrocarbons  25    (a)  18    (b)  4  -47 


Carbon 

Monoxide  0  98  40  -  138 


Nitrogen 

Oxides  125  7.2  25  -  157.2 


Sulfur 

Dioxide  25  0.6  -  -  25 


Particulates  15  0.7  4  (152)    (d)      (20)    (c) 

(1)     (c)  (171)     (d) 


(a)  Calculated  from  3-Hour  and  24-Hour  Frequency  of  Occurrence, 
Table  IV-3. 

(b)  Figures  from  Lowest  Dispersion  Rate  Column,   Table  IV-8. 

(c)  From  Colony  Factoring  Calculation.. 

(d)  From  Colony  Simplified  Gaussian  Calculation. 
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degraded .    Sulfur  dioxide  levels  could  be  increased  by  approximately  25 
times,  nitrogen  oxides  could  be  increased  40  times,  total  hydrocarbons 
by  5  percent,  and  particulates  by  100  percent. 

The  second  case  involves  the  simplified  Gaussian  diffusion  approach  used 

by  Colony  for  calculating  particulate  concentration  of  the  raw  shale  handling 

operations  not  included  in  the  Battelle  study.    This  method  predicted  a 

3 
ground  level  particulate  concentration  of  152  jugm/m    during  an  inversion 

with  downslope  drainage  flow.    This  constitutes  a  tremendous  increase  in 

particulates  over  that  calculated  from  the  other  dispersion  studies.    Combining 

this  high  value  from  the  Gaussian  diffusion  approach  with  the  results  from 

the  other  studies  shows  that  the  particulate  ground  level  concentrations 

3 
could  go  as  high  as  171  jugm/m    in  a  worst  case  situation.    This  could  exceed 

both  the  State  of  Colorado's  short-term  particulate  standard  for  non-design- 
ated areas  and  the  Federal  secondary  standard  for  a  24-hour  concentration 
by  about  14  percent.    This  high  concentration  could  also  exceed  the  Federal 
Class  II  Prevention  of  Significant  Deterioration  standard  for  a  24-hour 
maximum  by  470  percent. 

The  confidence  level  of  thse  calculations  is  very  low  and  the  methods  used 
for  combining  the  studies  may  not  be  valid.    An  important  consideration 
is  that  the  meteorological  conditions  which  would  produce  a  worst  case 
situation  in  the  Parachute  Creek  valley  would  not  produce  a  worst  case 
situation  at  the  plant  site  on  the  Roan  Plateau  and  vice  versa.    Combining 
the  predicted  results  of  the  studies  by  the  method  used  in  this  analysis 
is  used  only  because  no  other  method  was  available. 

COLORADO  RIVER  VALLEY 

Marlatt  and  Associates  have  also  calculated  ambient  concentrations  which 
could  result  from  emissions  by  vehicular  traffic  and  urban  development  in 
the  Colorado  River  valley  (5)  .    Ranges  of  estimates  were  developed  for  the 
highest  and  lowest  dispersion  conditions  which  are  likely  to  occur  during 
periods  of  air  stagnation.    These  estimates  were  based  on  five  alternate 
urbanization  patterns  by  which  the  induced  population  drawn  to  the  area  by 
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the  Colony  project  could  settle  in  the  Colorado  River  valley  between  Grand 
Junction  and  Glenwood  Springs.    These  patterns  include  a  variety  of 
assumptions  as  to  growth  spread  ranging  from  scattered  growth  throughout 
the  valley  to  concentrated  growth  in  Grand  Valley  or  on  Battlement  Mesa. 

The  analysis  included  the  following  two  separate  sets  of  projections: 

-  Incremental  concentrations  resulting  from  emissions  at  existing  population 
centers  as  expanded  in  accordance  with  each  of  five  possible  alternate 
growth  patterns  (including  emissions  from  housing  facilities  and  local 
traffic)  .    The  projections  are  shown  in  Table  IV-10. 

-  Incremental  ambient  concentrations  for  local  and  through  traffic  in  each 
of  four  critical  segments  of  the  Colorado  River  valley  -  DeBeque  Canyon, 
DeBeque  to  Grand  Valley,  Grand  Valley  to  Rifle,  and  New  Castle  to 
Glenwood  Springs  (based  on  vehicular  emissions  only)    (Table  IV- 11)  . 

The  assumptions  developed  for  the  analysis  were  deliberately  selected  to 
produce  the  highest  estimates  of  ambient  concentrations  likely  to  occur  during 
any  annual  period .    Inversion  characteristics  were  derived  from  an  evaluation 
of  historical  meteorological  data  and  local  topography  and  are  the  same  as 
used  in  the  Parachute  Creek  valley  study.    Dwelling  unit  estimates  used 
in  the  study  (6)  were  provided  by  Conklin  and  Rossant.    Information  supplied 
by  Vorhees  and  Associates  was  used  to  estimate  future  volumes  of  traffic 
moving  through  the  valley  and  within  each  area  of  increased  urbanization. 

The  analysis  indicates  that  the  ambient  concentrations  of  pollutants  attrib- 
utable to  urban  growth  related  to  the  proposed  project  should  not,  in  them- 
selves, exceed  applicable  Federal  and  State  of  Colorado  standards.    The 
results  of  the  analysis  should  be  considered  in  the  light  of  the  same  qualifying 
observations  which  were  applied  to  the  results  of  the  Parachute  Creek  valley 
analyses,  and  the  fact  that  projected  plant  complex  emissions  were  not 
included.    Under  certain  climatic  conditions  (i.e.,  downslope  drainage 
flow)  ,  emissions  from  the  plant  site  could  combine  with  pollutants  from  the 
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TABLE  IV-10 

INDUCED  AVERAGE  GROUND  LEVEL  CONCENTRATIONS 

(MICROGRAMS-METER~3)  FOR  FIVE  URBANIZATION 

PATTERNS  DURING  THE  OIL  SHALE  OPERATION  PHASE   (6) 


POLLUTANT 

RIFLE 
HIGH(d)  LOW(e) 
DISP.       DISP. 

GLENWOOD 

SPRINGS 
HIGH         LOW 
DISP .       DISP . 

GRAND 
JUNCTION 
HIGH     LOW 
DISP.  DISP. 

BATTLEMENT 
MESA 

GRAN 
VALLE 
HIGH 
DISP. 

D 
Y 

URBAN 
PATTERN 

HIGH 
DISP. 

LOW 
DISP. 

Low 
DISP. 

I 

HC(a) 

0.2 

2.5 

0.1 

1.6 

0.1 

1.5 

0.1 

2.0 

0.7 

0.7 

CO(b) 

2.9 

43.0 

1.8 

27.0 

1.7 

25.0 

2.3 

34.0 

0.8 

12.0 

NOy(c) 

0.1 

1.4 

0.1 

0.9 

.0 

0.6 

0.1 

1.2 

.0 

0.5 

Particulates  I 

c)        .0 

0.5 

.0 

0.3 

.0 

0.1 

.0 

0.2 

.0 

0.2 

S02(c) 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

II 

HC 

0.2 

3.5 

0.1 

1.5 

.0 

0.7 

0.2 

3.3 

.0 

0.7 

CO 

4.0 

60.0 

1.7 

26.0 

0.8 

12.0 

3.7 

55.0 

0.7 

11.0 

NO 
x 

0.2 

2.1 

0.1 

0.8 

.0 

0.3 

0.1 

1.6 

.0 

0.5 

Particulates 

.0 

0.7 

.0 

0.2 

.0 

.0 

.0 

0.4 

.0 

.0 

so2 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

0.2 

.0 

.0 

III 

HC 

0.1 

2.1 

0.1 

1.7 

0.1 

1.3 

0.4 

6.2 

.0 

.0 

CO 

2.3 

35.0 

2.0 

30.0 

1.5 

23.0 

6.7 

100.0 

.0 

.0 

NO 
x 

0.1 

1.6 

0.1 

0.9 

.0 

0.5 

0.2 

2. '7 

.0 

0.3 

Particulates 

.0 

0.7 

.0 

0.1 

.0 

.0 

0.1 

0.8 

.0 

0.1 

so2 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

0.3 

.0 

.0 

IV 

HC 

0.1 

1.7 

0.1 

1.5 

.0 

0.7 

0.3 

3.9 

.0 

.0 

CO 

1.9 

29.0 

1.7 

26.0 

0.8 

12.0 

4.3 

65.0 

.0 

.0 

NO 

X 

0.1 

1.5 

.0 

0.6 

.0 

0.2 

0.2 

2.4 

.0 

0.3 

Particulates 

.0 

0.5 

.0 

0.3 

.0 

.0 

.0 

0.7 

.0 

0.1 

so2 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

0.2 

.0 

.0 

V 

HC 

0.9 

1.4 

0.1 

1.2 

.0 

0.6 

0.3 

4.7 

.0 

.0 

CO 

1.6 

24.0 

1.4 

21.0 

0.7 

10.0 

5.3 

80.0' 

.0 

.0 

NOx 

0.1 

1.4 

.0 

0.5 

.0 

0.2 

0.2 

3.0 

.0 

0.3 

Particulates 

.0 

0.5 

.0 

0.1 

.0 

.0 

0.1 

0.9 

.0 

0.1 

so0 

.0 

.0 

.0 

.0 

.0 

.0 

.0 

0.2 

.0 

.0 

(a)  3-hour  (6  -  9  A.M.) 

(b)  Maximum  8-hour 

(c)  24-hour 

(d)  1C  mph  wind  speed,  1000-foot  inversion 

(e)  2  mph  wind  speed,  300-foot  inversion 
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TABLE  IV-11 

INDUCED  AVERAGE  GROUND  LEVEL  CONCENTRATIONS, 

(MICROGRAMS-METER-3)  IN  FOUR  1-70  CORRIDORS 

FOR  FIVE  URBANIZATION  PATTERNS  DURING  THE 

OIL  SHALE  OPERATION  PHASE    (6) 


CORRIDOR 

URBAN 
PATTERN 

POLLUTANT 

DEEEQUE 
HIGH(d) 
DISP. 

CANYON 
LOW  (e) 
DISP 

GRAND  VALLEY 

TO  DEBEQUE 
HIGH        LOW 
DISP.       DISP. 

RIFLE  TO 
GRAND  VALLEY 
HIGH        LOW 
DISP.       DISP. 

GLENWOOD  SPRINGS 

TO  NEW  CASTLE 
HIGH                LOW 
DISP.               DISP. 

I 

HC(a) 

0.1 

3.2 

.0 

1.2 

0.1 

2.0 

.0 

2.2 

CO(b) 

1.5 

56.0 

0.5 

22.0 

1  .0 

36.0 

0.8 

37.0 

NO    (c) 

.0 

1.8 

.0 

0.7 

r  -3 

1.8 

.0 

1.2 

Particulates  I 

:o      .0 

0.4 

.0 

0.1 

.0 

0.2 

.0 

0.2 

S02(c) 

.0 

0.3 

.0 

0.1 

.0 

0.2 

.0 

0.2 

II 

HC 

0.1 

2.2 

.0 

1.0 

0.1 

1.8 

.0 

1.8 

CO 

1.1 

39.0 

0.4 

18.0 

0.9 

31.0 

0.7 

32.0 

NO 
x 

.0 

1.3 

.0 

0.6 

.0 

1.0 

.0 

1.0 

Particulates 

.0 

0.3 

.0 

0.1 

.0 

0.2 

.0 

0.2 

so2 

.0 

0.2 

.0 

.0 

.0 

0.2 

.0 

0.1 

III 

HC 

0.1 

3.2 

.0 

1.6 

.0 

1.4 

.0 

1.1 

CO 

1.5 

57.0 

0.7 

27.0 

0.7 

24.0 

0.4 

20.0 

NO 
x 

0.1 

1.9 

.0 

0.9 

.0 

0.8 

.0 

0.7 

Particulates 

.0 

0.4 

.0 

0.2 

.0 

0.1 

.0 

0.1 

so2 

.0 

0.3 

.0 

0.1 

.0 

0.1 

.0 

0.1 

IV 

HC 

.0 

1.3 

.0 

0.6 

.0 

0.6 

.0 

0.4 

CO 

0.6 

24.0 

0.3 

11.0 

0.3 

10.0 

0.2 

8.2 

NO 
x 

.0 

0.8 

.0 

0.4 

.0 

0.4 

.0 

0.3 

Particulates 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

.0 

so2 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

.0 

V 

HC 

.0 

1.4 

.0 

0.7 

.0 

0.6 

.0 

0.4 

CO 

0.7 

26.0 

0.3 

12.0 

0.3 

11.0 

0.2 

7.2 

NO 
x 

.0 

0.9 

.0 

0.4 

.0 

0.4 

.0 

0.2 

Particulates 

.0 

0.2 

.0 

.0 

.0 

.0 

.0 

.0 

so2 

.0 

0.1 

.0 

.0 

.0 

.0 

.0 

.0 

(a)  3-hour  (6  -  9  A.M.) 

(b)  8-hour 

(c)  24-hour 

(d)  10  mph  wind  speed,  1000-foot  inversion 

(e)  2  mph  wind  speed,  300-foot  inversion 


IV-47 


IMPACTS 

Parachute  Creek  valley.    It  is  not  known  what  the  combined  peak  levels 
would  be.    However,  projected  annual  concentration  levels  south  of  the  Roan 
Plateau,  in  the  Parachute  Creek  and  Colorado  River  valleys,  are  quite  low 
when  compared  to  the  Federal  and  State  of  Colorado  standards.    It  is  doubtful 
that  the  combined  levels  will  exceed  these  standards . 

Flaring:    The  Grand  Valley  terminal  area  is  intended  strictly  for  the  short-term 
storage  of  LPG,  ammonia,  and  sulfur.    The  flare  at  this  site  is  intended  to 
provide  a  means  of  safe  disposal  of  any  ammonia  or  LPG  vapors  that  might 
have  to  be  released  during  an  emergency.    The  by-products  of  LPG  combustion 
are  CO~  and  water,  and  for  ammonia  would  be  nitrogen  and  water  with 
small  equilibrium  amounts  of  nitrogen  oxides .    The  air  quality  within  the 
vicinity  of  the  terminal  will  be  degraded  during  flaring.    It  would  be 
speculative  to  attempt  to  estimate  how  often  flaring  will  occur  or  what  the 
emission  and  concentration  rates  would  be. 


SMOG 


The  rate,  reaction  routes,  and  intermediate  steps  involved  in  the  ambient 
chemical  reactions  which  generate  the  combination  of  products  commonly 
identified  as  "smog"  are  influenced  by  many  complex  factors  such  as  relative 
concentrations  of  reactants,  degree  of  photoactivation,  variable  meteorological 
dispersive  forces,  the  influence  of  local  topography,  temperature,  and  relative 
amounts  of  moisture.    Meteorological  dispersion  is,  in  turn,  related  to  the 
degree  of  containment  beneath  inversions,  the  magnitude  of  horizontal  and 
vertical  wind  movements,  the  degree  of  turbulence  induced  by  convective  and 
non-linear  flow,  and  precipitation.    The  systems  which  produce  smog  are  so 
complex  and  temporarily  varible  that  reliable  predictions  of  this  type  of  air 
pollution  are  unattainable  at  the  present  time. 

More  sophisticated  sampling  equipment  and  technology  will  have  to  be 
developed  before  the  causes  of  this  phenomenon  can  be  better  understood  (2)  . 
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FUGITIVE  DUST 

Fugitive  dust  will  be  generated  as  a  result  of  road  construction,  pipeline 
construction,  mining  operations,  dam  construction,  crushing,  stockpiling 
coarse  ore,  conveying,  and  spent  shale  disposal.    Dust  will  generally  degrade 
local  air  quality  and  will  contribute  toward  decreased  visibility  and 
unsightliness  by  coating  anything  near  its  source. 

Estimates  of  particulate  emissions  elsewhere  in  this  analysis  do  not  include 
fugitive  dust  emissions .    Colony  believes  there  are  no  reliable  or  meaningful 
methods  for  quantifying  and  modeling  the  effects  of  fugitive  dust  emissions 
on  ambient  particulate  levels.    Emissions  of  fugitive  dust  will,  therefore, 
be  treated  in  a  less  specific  manner  than  particulate  emissions . 

Emission  factors  for  several  categories  of  fugitive  dust  generation  are  shown 
in  Table  IV-12.    Dust  produced  from  construction  activities  will  be  excessive, 
however,  it  will  be  temporary.    Transportation  induced  dust  over  unpaved 
roads  will  also  be  highest  during  the  construction  period  and  will  be  some- 
what reduced  as  permanent  roads  attain  a  more  stabilized  surface. 

Wind  erosion  of  the  coarse  ore  stockpile  will  generate  large  amounts  of  dust, 
especially  during  the  predevelopment  phase  of  the  mine  when  the  stockpile 
may  contain  up  to  5  million  tons  and  cover  25  acres;   normal  size  of  the  pile 
is  predicted  to  be  1.5  million  tons  over  15  acres.    Application  of  the  emission 
factors  for  an  inactive  stockpile  in  Table  IV-12  to  the  normal  size  of  the  coarse 
ore  stockpile  gives  emissions  of  165,  000  tons  for  the  total  placed  in  the  pile 
and  52.5  lb  per  day  over  the  total  surface  of  the  pile. 

Dust  emission  from  the  spent  shale  disposal  pile  is  anticipated  to  be 
minimal.    Moisturization  of  the  processed  shale  at  the  end  of  the  retorting 
process  will  produce  a  material  which  can  be  readily  compacted.    The 
vegetative  cover  and  a  thin  crust  which  forms  on  the  unvegetated  portions 
of  the  pile  should  prevent  significant  dust  generation  from  the  disposal  pile. 

An  additional  amount  of  fugitive  dust  will  be  generated  at  the  primary  crusher, 
above  that  estimated  for  particulate  emissions.    Fugitive  dust  emissions 
will  be  9.0  Kgm  per  hour,  or  approximately  476  lb  per  day. 
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TABLE  IV- 12 

EMISSION  FACTORS  FOR  SEVERAL  CATEGORIES  OF 

FUGITIVE  DUST  GENERATION  (7) 

SOURCE  CATEGORY  EMISSION  FACTOR 

Unpaved  Roads  0.8  lb/vehicle  mile  traveled  (a) 

Construction  1 . 2  tons/acre  of  active 

construction/ month 

Inactive  Stockpile  (b)  0.11  lb/ton  placed  in  stockpile 

3.5  lb/acre  of  stockpile/day 

(a)  Includes  haul  trucks  and  light  duty  vehicles. 

(b)  Represents  wind  erosion  only. 


ODORS 


Odors  characteristic  of  refining  and  shale  processing  will  result  from  the 
proposed  action.    They  include  but  are  not  limited  to  odors  from  sulfur  and 
nitrogen  oxides,  shale  oil,  processed  shale,  and  fumes  from  various  oil  shale 
distillates  and  chemicals  as  a  result  of  minute  leakage  throughout  the  processing 
area.    Some  of  these  odors,  particularly  those  associated  with  retort  operations 
experienced  during  operations  of  the  semi-works  facilities,  were  similar  in 
character  to  the  odors  of  mined  rock  and  local  talus  formations  (2)  . 

Some  hydrogen  sulfide  could  be  emitted,  particularly  during  plant  start-up  and 
turnaround,  when  high  concentrations  of  H~S  are  being  flared.    H„S  has  a  choking 
odor  similar  to  rotten  eggs.    This  odor  spreads  very  rapidly  and  people  living  in 
the  Parachute  Creek  valley,  as  well  as  the  plant  employees,  are  likely  to  be  con- 
fronted with  the  odor  when  high  concentrations  of  FLS  are  being  sent  through 
the  flare  for  conversion  to  SO„. 

Other  air  pollutants  may  be  emitted  into  the  air,  such  as  sulfur  dioxide  which 

has  a  choking  odor  similar  to  a  burning  match  without  the  phosphorous  smell. 

Nitrogen  dioxide  has  a  characteristic  suffocating  odor  and  an  olfactory 

3 
threshold  of  about  225  ugm/m    . 
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The  Colorado  standards  for  odor  emissions  state  that  it  is  a  violation  if  odors 
are  detected  after  the  odorous  air  has  been  diluted  with  15  or  more  volumes  of 
odor-free  air.    No  violations  will  be  cited  by  the  State  for  the  above,  provided 
that  the  best  practical  treatment,  maintenance,  and  control  currently  available 
are  utilized  in  maintaining  the  lowest  possible  emission  of  odorous  gases  in  a 
manufacturing  process,  but  not  exceeding  a  detectable  odor  after  the  odorous 
air  has  been  diluted  with  127  or  more  volumes  of  odor-free  air. 

If  is  not  known  if  the  odors  that  will  be  produced  by  the  proposed  shale  oil 
complex  will  be  in  violation  of  these  standards. 

SHALE  OIL  PIPELINE 

The  quality  of  the  air  along  the  pipeline  would  be  temporarily  adversely 
affected  as  the  construction  crew  lays  the  pipe.    Heavy  equipment  operation 
results  in  exhaust  and  crankcase  emissions  from  large  diesel  and  gasoline 
engines.    These  emissions  normally  disperse  rapidly  in  a  well-mixed  lower 
atmosphere,  eventually  becoming  unnoticeable  as  are  train,  automobile,  and 
truck  emissions  along  the  railroads  and  highways  which  parallel  much  of  the 
pipeline  route.    Some  local  air  pollution  could  result  if  operations  were  con- 
ducted during  the  evening  and  early  morning  hours  when  inversions,  due  to 
radiative  cooling  after  sunset,  can  develop  in  the  lower  several  hundred  feet 
of  the  atmosphere. 

A  further  adverse  impact  on  air  quality  would  result  from  dust.    The  suspension 
of  fine  dust  in  the  lower  atmosphere  from  heavy  equipment  operations 
and  from  blasting  operations  would  be  most  apparent  in  the  region  from 
Spanish  Valley  to  the  point  where  the  pipeline  leaves  the  Grand  Valley 
and  enters  the  Roan  Plateau .  Dust  clouds  initiated  by  construction  equipment 
are  similar  in  nature  to  those  often  developed  by  strong  winds  in  semiarid 
regions;   however,  they  are  of  a  much  smaller  scale.    When  blasting,  dust 
clouds  could  be  expected  during  the  dry  periods  where  ground  cover 
is  sparse  and  soil  is  unconsolidated. 
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Air  quality  during  the  construction  phase  of  the  pipeline  operation  would  not 
be  seriously  compromised  primarily  because  of  the  well-ventilated  atmosphere 
in  the  area.    Infrequent  micrometeorological  inversions  which  can  cause  local 
pollution  are  of  short  duration.    Since  they  occur  during  the  evening  hours, 
they  should  present  no  problem. 

When  the  pipeline  is  in  operation,  its  impact  on  air  quality  would  be  small. 
Since  the  pumping  stations  located  at  the  proposed  shale-oil  processing  facility 
and  at  Lisbon  Terminal  would  be  driven  by  electric  motors,  there  would  be  no 
exhaust  emissions. 

The  proposed  oil  storage  tank  at  Lisbon  Terminal  would  be  a  120,  000  barrel 
floating  roof  design,  thereby  eliminating  the  need  for  a  vent  to  the  atmosphere. 
However,  some  losses  would  occur  by  evaporation  of  oil  at  the  roof  seal  and 
associated  pump  seals .    This  loss  has  been  estimated  to  be  approximately 
52  pounds  per  day  of  hydrocarbon  vapors.    A  review  of  the  State  of  Utah  Air 
Conservation  Regulations  (1972)  defines  their  ambient  air  standard  for  hydro- 
carbons as  taken  from  the  Federal  standards,  which  is  used  as  a  guide  in 
devising  implementation  plans  to  achieve  oxidant  standards  which  are 
derived  from  the  release  of  unsaturated  hydrocarbons  (2)  .    Since  the  tank 
emission  would  consist  of  saturated  hydrocarbons,  no  contribution  to  photo- 
chemical smog  would  occur  (2)  . 

It  is  expected  that  during  pipeline  operation  there  would  be  no  permanent 
adverse  impact  on  air  quality  and  no  mitigating  measures,  other  than  those 
already  designed  into  the  system,  would  be  required.    Any  temporary  deterior- 
ation in  air  quality  during  construction  should  have  no  adverse  effect  on  vege- 
tation or  wildlife  along  the  pipeline  route. 

POWERLINES 

The  effects  on  air  quality  as  a  result  of  electric  powerline  construction  would 
generally  be  the  same.    Heavy  equipment  operations  result  in  exhaust  and 
crankcase  emissions  from  diesel  and  gasoline  engines  and  also  result  in 
generation  of  dust  particles.    These  effects  should  be  short-term  and  the  areas 
affected  by  construction  would  return  to  pre-construction  pollutant  levels 
almost  immediately . 
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SUMMARY 

As  a  result  of  construction,  operations,  employee  travel  to  and  from  the  Dow 
West  property  and  the  other  proposed  facilities  in  the  Grand  Valley  area, 
and  induced  population,  air  quality  of  the  area  will  be  degraded.    Ambient 
concentrations  of  air  pollutant  levels  for  the  area  of  the  proposed  mine  and 
plant  site  have  been  estimated  from  data  obtained  from  Oil  Shale  Lease  Tract 
C-b  on  the  Roan  Plateau.    As  a  result  of  plant  day-to-day  operations,  increases 
in  ambient  pollutant  concentrations  of  up  to  250  percent  for  S02<  0.25  percent 
for  total  hydrocarbons,  400  percent  for  oxides  of  nitrogen,  and  100  percent  for 
particulate  matter  are  projected  for  the  area  of  the  mine  and  plant  site.    Higher 
concentration  levels  will  occur  during  plant  start-up  and  turnaround,  or 
any  other  abnormal  operating  conditions . 

The  predicted  annual  mean  concentrations  for  pollutant  emissions  from  the 
plant  site  indicate  that  only  a  slight  violation  of  the  State  of  Colorado's  S02 
standard  for  Category  I  areas  may  occur  and  that  the  Federal  particulate 
standard  for  Class  II  areas  may  be  equaled.    It  is  also  predicted  that  short- 
term  concentration  levels  for  several  regulated  air  pollutants  could  violate 
or  equal  Federal  and  State  of  Colorado  air  quality  standards.    Sulfur  dioxide 
may  exceed  the  State  of  Colorado's  incremental  standards  for  annual  and 
24-hour  periods .    Particulate  matter  may  at  numerous  points  exceed  the  Federal 
incremental  standard  for  Class  II  areas;  some  violations  of  the  State  of  Colorado's 
short-term  standard  and  the  Federal  secondary  standard  may  also  be  expected. 
Federal  primary  and  secondary  standards  for  3-hour  concentrations  of 
non-methane  hydrocarbons  may  be  violated  several  times  per  year. 

More  definite  air  dispersion  studies  are  needed  to  make  realistic  predictions 
of  air  pollutant  concentrations  in  Parachute  Creek  valley  resulting  from  the 
proposed  project.    The  aggregate  concentration  levels  for  a  worst  case 
situation  in  the  upper  part  of  the  Parachute  Creek  valley  indicate  that  all 
pollutants  measured,  except  S02  and  particulates,  will  be  within  the  State 
of  Colorado  and  Federal  ambient  air  quality  standards .    Background 
ambient  air  concentrations  could  be  increased  as  much  as  40  times  for  certain 
naturally  occurring  air  pollutants . 
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Projected  emissions  from  the  plant  site  and  Parachute  Creek  and  Colorado 
River  valleys  will  create  a  potential  for  smog,  though  the  fact  of  whether  or 
not  smog  will  be  created  has  not  been  established .    Emissions  from  the 
above  mentioned  sources  will  contribute  to  decreased  visibility.    Fugitive 
dust  will  be  experienced,  especially  during  construction  operations  and  in 
association  with  the  coarse  ore  stockpile,  which  will  undoubtedly  contribute 
to  decreased  local  visibility.    The  inclusion  of  fugitive  dust  emissions  with 
particulate  concentrations  will  increase  the  difficulty  of  the  facility  to  meet 
air  quality  requirements .    Air  emission  concentrations  during  inversions 
will  be  much  greater. 

Limited  and  temporary  degradation  of  air  quality  will  occur  during  construc- 
tion of  the  shale  oil  pipeline  and  the  transmission  powerlines . 

Odors  characteristic  of  oil  refineries  and  oil  shale  retorting,  especially  from 
emissions  of  hydrogen  sulfide,  sulfur  dioxide,  nitrogen  oxides,  hydrocarbons, 
and  particulates  will  be  noticed  (at  times  quite  strongly)  on  the  Dow  West 
property  and  in  the  Parachute  Creek  and  Colorado  River  valleys . 

The  impacts  on  air  pertain  only  to  the  Colony  operation.    Cummulative  air 
impacts  from  other  plants  that  might  utilize  the  pipeline  would  be  much  greater. 

The  impacts  to  vegetation,  wildlife,  man,  and  materials  are  discussed  under 
respective  sections  in  this  chapter . 

WATER  RESOURCES 

Water  quality  will  decrease  as  a  result  of  the  implementation  of  the  proposed 
action .    This  decrease  will  result  from  an  increase  in  sediment  loads  and  total 
dissolved  solids  (T.D.S.)  concentrations.    These  increases  will  affect  turbid- 
ity, water  temperature,  oxygen  content,  metallic  and  nonmetallic  concentrations 
The  actions  involved  in  the  project  will  also  affect  amount  of  surface  flow  and 
flow  patterns.    Sources  for  increased  sediment  loads  and  T.D.S.  concentrations 
will  be:    400  millions  tons  of  processed  shale  over  a  period  of  20  years,  raw 
shale,  spent  catalyst,  green  coke,  and  process  water.    Table  11-13  quantifies 
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the  major  solid  wastes  and  Table  II-7  gives  estimates  of  chemical  components 
of  process  water  .    Increased  sediment  loads  and  T  .D  .S  .  levels  will  be 
caused  by:    construction  of  the  oil  shale  complex  on  the  Dow  West  property; 
construction  of  the  LPG,  ammonia,  and  water  pipelines  along  with  underground 
communication  lines  and  road  improvements  in  Parachute  Creek  valley;  constru- 
ction of  the  railroad  siding  and  terminal  and  administration  buildings  near  the 
community  of  Grand  Valley;  construction  of  the  water  intake  facilities  on  the 
Colorado  River  near  Grand  Valley;  and  construction  of  the  194-mile  long 
shale  oil  pipeline  between  the  plant  complex  and  Colorado  River  crossing 
near  Moab,  Utah.    Other  possible  sources  of  water  contamination  will  be 
spills  from  leaks  or  breaks  on  the  shale  oil  pipeline,  the  Parachute  Creek 
pipeline  from  the  plant  complex,  and  possible  failure  or  spilling  of  the  Davis 
Gulch  and  Middle  Fork  dams. 

Some  increased  runoff  resulting  in  increased  sediment  load  and  T.D.S. 
levels  will  probably  result  from  powerline  construction  and  construction  of 
residences  and  other  service  facilities  related  to  an  increase  in  population. 
Increased  runoff  resulting  in  increased  sediment  load  and  T.D.S.  levels 
may  result  from  the  clean-up  of  oil  spills  from  the  pipeline.    The  amount 
of  disturbance  will  depend  on  the  size  of  the  spill,  size  and  number  of 
equipment,  and  time  of  year.    Another  factor  would  be  the  necessity  of 
constructing  an  access  road  to  the  oil  spill  site. 

SURFACE  HYDROLOGY 

DAVIS  GULCH 

Davis  Gulch  will  be  affected  by  the  construction  and  operation  of  the  retorting 
complex,  coarse  ore  storage  facilities,  processed  shale  embankment,  access 
roads,  conveyor  equipment,  and  the  catchment  dam.    The  installment  of  these 
facilities  will  primarily  affect  the  western  and  southern  portions  of  the  gulch 
as  indicated  by  the  site  location  depicted  in  Figure  II-5. 

The  construction  of  the  proposed  facilities  will  disrupt  approximately  30 
percent  of  the  existing  drainage  pattern  of  the  watershed.    Artificial  drainage 
systems  consisting  of  storm  sewers,  culverts,  and  mains  will  replace  natural 
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runoff  systems  at  each  disturbed  site.    The  redirection  and  concentration  of 
runoff  from  these  areas  could  have  significant  side  effects,  such  as  increasing 
downstream  erosion  and  sedimentation . 

The  construction  of  permanent  impermeable  surfaces  in  some  locations  (such 
as  paved  surfaces  within  the  retorting  complex  and  paved  access  roads)  may- 
alter  the  existing  balance  between  precipitation,  evapotranspiration,  and 
infiltration.    Annual  precipitation  in  Davis  Gulch  averages  about  16  inches   (8)  . 
Studies  conclude  that  only  about  ten  percent  (1.5  inches)  of  the  total  annual 
precipitation  ultimately  enters  Parachute  Creek  in  the  form  of  runoff  or  ground 
water  (8)  .    The  remaining  portion  of  the  precipitation  leaves  the  basin  through 
evapotranspiration.    Because  of  the  low  rate  of  deep  percolation,  disruption 
to  existing  percolation  rates  beneath  the  retorting  complex,  raw  shale  stock- 
pile, processed  shale  embankment,  and  catchment  dam  sites  should  be  insignif- 
icant.   The  effects  of  minor  increases  in  the  percentage  of  runoff  resulting  from 
the  construction  of  impermeable  surfaces  upon  the  water  balance  of  the  gulch 
should  also  be  insignificant. 

The  construction  of  the  catchment  dam  will  create  a  basin  capable  of  impounding 
up  to  1,200  acre-feet  of  water.    In  essence,  the  dam  will  create  an  intermittent 
lake,  in  place  of  the  intermittent  stream  currently  averaging  a  flow  of  340  acre- 
feet  annually.    The  size  of  the  body  of  water  impounded  behind  the  dam  will 
vary  with  the  intensity  and  magnitude  of  local  precipitation  events  and  the  rate 
of  water  consumption  for  plant  and  processed  shale  disposal  operations.    Although 
the  dam  is  designed  to  accommodate  runoff  from  the  maximum  probable  storm, 
of  6.5  inches  of  rainfall  in  one  hour,  the  actual  amounts  of  water  collected  by 
the  dam  will  be  relatively  small.    Construction  of  the  dam  will  eliminate  the 
falls  at  the  mouth  of  the  gulch . 

Remarks  in  the  following  two  paragraphs  pertain  to  impacts  which  could 
occur  over  the  drainages  of  both  Davis  Gulch  and  the  Middle  Fork  of  Parachute 
Creek. 

Dewatering  of  the  regional  fractures  by  pumping  or  through  seepage  into 
the  mine  is  expected  to  deplete  the  base  flows  in  Davis  Gulch  and  the  Middle 
Fork  of  Parachute  Creek  (8)  .    This  depletion  would  amount  to  an  average  of 
420  acre-feet  per  year   (0.58  cfs)  for  the  combined  watersheds  above  their 
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confluence.    Although  base  flows  for  these  streams  would  be  depleted,  surface 
runoff  would  be  expected  during  spring  snowmelt  and  major  thunderstorms. 

If  subsidence  occurs,  changes  in  surface  drainage  will  be  directly  proportional 
to  the  magnitude  of  any  surface  deflections  and  will  tend  to  reflect  the  subsurface 
excavation  pattern .    The  present  drainage  pattern  is  well  incised  and  even 
maximum  subsidence  will  not  radically  alter  the  existing  pattern.    Stream 
gradients  will  probably  be  steepened  in  some  local  reaches  and  flattened 
in  others  as  the  drainage  regrades  and  adjusts  to  lower  base  levels.    Stream 
velocities  will  increase  if  mining  allows  subsidence  to  progress  from  south 
to  north,  thereby  increasing  the  erosive  capability  of  streams  and  causing 
headward  migration  of  gullies  and  greater  incision  of  drainage  ways   (8)  . 

MIDDLE  FORK  OF  PARACHUTE  CREEK 

Approximately  a  one-quarter  mile  length  of  the  existing  stream  bed  will  be  com- 
pletely destroyed  by  construction  of  the  mine  bench.    Additional  area  will  be 
periodically  flooded  by  water  which  collects  behind  the  dam.    The  displaced 
streamflow  will  be  diverted  through  conduits  to  a  discharge  point  below  the 
mine  bench.    Culverts  and  bridges  will  also  cause  some  disturbance  to  the 
creek  bed. 

The  catchment  dam  above  the  mine  bench  is  designed  to  contain  the  anticipated 
runoff  from  the  probable  maximum  storm  in  the  upper  Middle  Fork  watershed. 
The  uncontrolled  outlet,  which  is  designed  to  pass  up  to  400  cfs,  should  moderate 
fluctuations  in  downstream  water  flow  resulting  from  intense  runoff  events. 
The  temporary  dead  storage  of  water  behind  the  dam  (approximately  300  acre-feet) 
should  somewhat  increase  the  rate  of  infiltration  into  the  fracture  zones  beneath 
the  stream  bed .    Some  of  the  water  stored  behind  the  dam  will  be  diverted  to  the 
plant  with  corresponding  reductions  in  annual  runoff  volume.    To  the  extent  such 
storage  and/or  use  will  impinge  on  downstream  water  rights  replacement  turn- 
out of  water  in  the  Middle  Fork  Dam  from  the  Colorado  River  pipeline  will  be 
made. 

Based  on  annual  streamflow  records,  from  1970  through  1972,  the  total  annual 
volume  of  the  Middle  Fork  of  Parachute  Creek  below  Davis  Gulch  and  above  its 
confluence  wiht  the  East  Middle  Fork  of  Parachute  Creek  could  be  reduced 
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by  as  much  as  55  percent  (9)  to  70  percent  (10)  as  the  result  of  the  termination 
of  flow  from  Davis  Gulch.    A  sudden  break  in  the  Middle  Fork  Dam  when  filled 
with  water  would  cause  flashflood  damage  to  the  mine  bench  area,  as  well  as  to 
downstream  areas  along  the  Middle  Fork  of  Parachute  Creek  (see  discussion  of 
dam  failures)  . 

PARACHUTE  CREEK 

The  4,  044-acre  drainage  area  of  Davis  Gulch  constitutes  less  than  3  percent  of 
the  216-square-mile  drainage  area  of  Parachute  Creek.    Based  on  estimates  of 
the  average  annual  acre-feet  runoff  from  Davis  Gulch  (340-acre-feet)  ,  the 
annual  volume  of  water  impounded  by  the  dam  will  amount  to  approximately 
2 . 5  percent  of  the  average  annual  flow  of  13,  793  acre-feet  annually  at 
Parachute  Creek  near  Grand  Valley  (for  the  record  periods  1948-54  and 
1964-70)    (10)  .    This  runoff  will  be  removed  from  the  annual  flow  of  Parachute 
Creek  by  the  construction  of  the  Davis  Gulch  catchment  dam .    Additional  flow 
reductions  in  Parachute  Creek  would  result  from  the  depletion  of  the  base  flow 
in  the  upper  Middle  Fork  of  Parachute  Creek  and  from  use  of  well  water. 

The  construction  of  the  staging  area,  railroad  spur,  and  service  corridor 
facilities  will  permanently  change  local  drainage  patterns .    The  installation 
of  impermeable  surfaces  and  storm  sewers  at  the  staging  area  will  have 
effects  upon  local  percolation  rate  and  water  flow  into  Parachute  Creek. 
Culverts  beneath  the  railroad  spur  may  have  small,  but  immeasurable 
effects  upon  periodic  water  flow  in  gullies  and  washes  tributary  to  the  creek. 
In  some  cases,  the  construction  of  the  mine  bench  access  road  and  bridges 
will  require  modification  to  the  existing  stream  channel  of  Parachute  Creek. 
The  cumulative  length  of  these  alterations  could  amount  to  approximately 
20  percent  of  the  main  stream  bed  length  from  the  confluence  of  the  Middle 
and  East  Middle  forks  of  Parachute  Creek  to  the  Colorado  River.    Concentration 
of  runoff  down  road  surfaces  in  roadside  culverts  and  drains  will  also  have 
widespread  minor  impacts  upon  local  streamflow  through  the  watershed. 

COLORADO  RIVER 

It  is  difficult  to  predict  the  reduction  in  surface  flow  which  may  result  from 
the  proposed  action.    Until  actual  data  is  collected  on  runoff  volumes  after 
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facility  construction,  only  assumptions  as  to  amount  of  flow  reduction  can 
be  made.    For  analysis  purposes,  it  was  assumed  that  the  maximum  reduction 
in  stream  flow  as  a  result  of  the  proposed  action  would  be  12.5  cfs.    Figure 
IV-8  shows  the  average  mean  monthly  flow  for  the  river  near  DeBeque 
(Station  09-0937)  for  the  years  1967  -  1972  (2)  .    This  data  is  the  most 
recent  and  complete  record  available  on  which  to  base  the  analysis  of  the 
impact  of  reducted  flow  (2)  .    Based  on  this  data  and  the  assumed  maximum 
reduction  of  12.5  cfs,  certain  conclusions  can  be  drawn. 

The  reduction  in  stream  flow  would  amount  to  about  one-third  of  one  percent 
of  the  mean  annual  flow  of  3,  658  cfs  at  the  DeBeque  gaging  station.    During 
February,  the  period  of  lowest  flow,  this  diversion  would  amount  to  about 
three-fourths  of  one  percent  of  the  mean  annual  flow.    During  the  period 
1901  through  1933,  USGS  recorded  a  low  flow  of  177  cfs;  a  diversion  of  12.5 
cfs  would  amount  to  about  seven  percent  of  this  all  time  low  flow.    Since 
Colony's  water  rights  are  junior,  water  would  be  denied  this  use  before 
the  flow  dropped  to  such  low  levels .    Due  to  the  construction  of  storage 
facilities  it  is  extremely  unlikely  the  low  flow  of  1933  will  ever  again  be 
duplicated . 

Population  increases  associated  with  the  proposed  project  will  also  affect 
surface  flow  to  some  undeterminable  amount.    Impacts  will  result  from  replace- 
ment of  natural  drainages  with  culverts  and  storm  sewers  and  change  in  runoff 
and  percolation  characteristics  through  the  creation  of  impermeable  surfaces 
such  as  streets,  parking  areas,  and  buildings.    These  impacts  cannot  be  quanti- 
fied since  the  patterns  of  settlement  of  an  estimated  additional  4, 100  people  is 
not  known.    These  effects  could  be  scattered  from  Grand  Junction  to  Glenwood 
Springs  or  confined  to  a  local  area  such  as  the  immediate  vicinity  of  the  town 
of  Grand  Valley.    Wherever  the  increased  population  settles,  they  would  have 
an  estimated  total  requirement  of  820  acre-feet  of  water  annually. 

Construction  of  the  pipeline  across  the  Colorado  River  at  Moab  could  affect 
the  river  flow.    Although  the  volume  of  flow  would  not  be  affected,  dredging 
equipment  and  the  possible  use  of  cofferdams  would  interfere  with  the  flow 
pattern . 
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COMPARISON  OF  MONTHLY  FLOW  WITH  ANNUAL  FLOW 

OF  COLORADO  RIVER  NEAR  DEBEQUE   (2) 

IV -60 


WATER  RESOURCES 
GREEN  MOUNTAIN  RESERVOIR 

The  withdrawal  of  water  from  the  Green  Mountain  Reservoir  for  use  in  the 
plant  will  affect  the  normal  water  level  in  the  reservoir  and  downstream  water 
flow  in  the  rivers.    This  withdrawal  could  cause  some  interference  with  power 
generation  as  the  result  of  reduced  head.    Colony  (11)  estimates  that  it  may  be 
necessary  to  call  for  the  releases  on  the  order  of  1,747  acre-feet  annually, 
above  the  amount  normally  released,  for  a  period  of  about  67  days  during  low 
flow  months.    According  to  the  proposed  contract,  Colony  could  call  for  a 
maximum  release  of  7,200  acre-feet  annually  in  a  worst  case  situation.    This 
would  result  in  a  total  drawdown  of  about  8.0  feet  below  normal  levels.    So 
long  as  the  minimum  desirable  head  is  maintained  for  power  generation  pur- 
poses, the  effect  of  reduced  flow  should  constitute  a  minor  impact  even  under 
worst  case  conditions.    The  reservoir  has  been  drawn  down  as  much  as  60 
feet  during  the  summer .    It  fluctuates  enough  that  the  shore  lines  do  not 
support  an  effective  vegetation  for  fisheries.    Therefore  an  additional  8  foot 
draw  down  should  not  have  a  measurable  effect  on  the  fisheries.    The 
reservoir  contains  only  a  small  population  of  brown  trout  that  are  considered 
wild.    The  remaining  species,  mackinaw,  rainbow  and  kokanee  salmon  are 
stocked  (12)  .    In  addition,  the  release  of  these  additional  volumes  of  water 
should  result  in  little  impact  on  streamflows  since  it  would  constitute  a  minor 
percentage  change  in  downstream  flow. 

PIPELINE  CORRIDOR  STREAMS 

Pipeline  construction  will  disrupt  flow  in  the  live  streams  encountered  in  the 
corridor .    The  significance  of  these  temporary  effects  will  probably  be  slight 
in  most  streams .    Although  the  volume  of  flow  would  not  be  affected,  dredging 
equipment  and  the  possible  use  of  cofferdams  could  interfere  with  local  flow 
patterns . 
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Alternations  to  the  side  walls  and  bottoms  of  gulches,  washes,  and  stream  beds 
resulting  from  construction  activity  will  increase  local  turbulence  and  add  to 
the  sediment  loads  of  runoff. 

SUBSURFACE  HYDROLOGY 

The  proposed  action  will  affect  the  groundwater  flow  regime  of  the  Dow  West 
property  above  and  below  the  mining  horizon  by  disrupting  pre-existing 
patterns  of  groundwater  movement.    The  development  of  a  4, 100  acre  mine 
will  substantially  impact  aquifers  in  the  Uinta  Formation  and  the  Parachute 
Creek  Member  of  the  Green  River  Formation. 

Groundwater  flows  into  the  mine  are  expected  from  the  local  joint  system  and 
the  regional  fracture  system.    Flows  into  the  mine  from  the  local  joint  system 
are  expected  to  be  small  (generally  less  than  20  gpm  from  individual  joints) 
(8)  .    Approximately  one  percent  of  the  volume  of  saturated  rock  above  the 
mine  roof  is  groundwater  stored  in  the  joint  system .    Most  of  the  larger 
potential  flows  into  the  mine  will  come  when  headings  intersect  the  regional 
fracture  zones  that  underlie  Davis  Gulch  and  the  valley  of  the  Middle  Fork 
of  Parachute  Creek.    Flows  into  the  mine  from  the  fracture  zones  (depending 
on  location)  range  from  five  to  twelve  times  the  volume  (100-250  gpm)  of  flow 
from  the  joint  system  . 

Some  groundwater  moving  down  gradient  from  higher  elevations  (in  the  Uinta 
Formation)  toward  the  canyons  becomes  locally  confined  under  kerogen- 
rich,  beds  of  low  permeability  shale  (in  the  Parachute  Creek  Member)  .    This 
groundwater  is  under  artesian  pressure  and  upflows  can  be  expected  when 
beds  of  low  permeability  around  a  mine  heading  are  fractured  or  opened  by 
blasting .    No  upflow  should  occur  where  hydrostatic  heads  are  reduced  to 
an  elevation  below  7,070  feet. 

Water  moving  into  the  mine  generally  exceeds  recommended  Public  Health 
Service  Drinking  Water  Standards  and  would  probably  require  treatment  to 
use  as  process  or  cooling  water . 
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Dewatering  of  the  groundwater  system  will  take  place  by  pumping  or  by  natural 
leakage  into  the  mine  opening .    The  hydrostatic  head  in  the  regional  fractures 
will  be  quickly  reduced  and  the  hydrostatic  head  in  the  joint  system  will  be 
reduced  more  slowly.    Ultimately,  the  groundwater  table  is  expected  to  be 
lowered  throughout  the  property  to  a  maximum  elevation  of  the  mine  floor,  or 
about  7,070  feet  (8)  .    Pumping  from  fracture  zones  in  Davis  Gulch  and  the 
valley  of  the  Middle  Fork  of  Parachute  Creek  would  have  the  greatest  impact 
on  dewatering  the  property. 

Groundwater  gradients  will  be  steepened  around  the  periphery  of  the  property 
during  future  mining  and  dewatering  operations  as  groundwater  levels  drop 
toward  the  mine  floor  (8)  .    As  the  regional  groundwater  table  adjusts  to 
lower  levels  within  the  property,  drainage  divides  will  move  outward  slightly 
toward  the  center  of  the  Piceance  Creek  Basin  on  the  north  and  toward  adjacent 
canyons  on  the  east  and  west. 

Discharge  of  mine  drainage  into  the  groundwater  table  would  not  be  possible 
in  the  proposed  mine  unless  water  levels  in  the  surrounding  rocks  are  lowered 
to  below  the  mine  floor . 

Subsidence  of  the  mined  area  would  lead  to  more  intense  fracturing  within  the 
areas  of  major  regional  fractures;  however,  under  compressional  strains, 
vertical  openings  would  be  reduced .    If  the  areas  beneath  Davis  Gulch  and 
the  valley  of  the  Middle  Fork  of  Parachute  Creek  are  left  unmined  to  limit 
groundwater  flows  and  support  impoundment  structures,  there  will  be  little 
change  in  vertical  permeability  (8)  . 

Surface  disposal  of  spent  shale  from  the  retorting  process  is  not  expected  to 
affect  groundwater  quality,  provided  that  leachate  from  the  disposal  pile 
is  collected  and  impounded  in  a  sealed  catchment. 

Construction  of  the  mine  bench,  flood  control  dam,  and  road  system  in 
Middle  Fork  canyon  and    the  processed  shale  embankment  and  catchment  dam 
in  Davis  Gulch  will  cause  redistribution  of  infiltration  (recharge)  to  the 
groundwater  system.    This  redistribution  would  only  slightly  alter  existing 
subsurface  water  movements. 

IV-63 


IMPACTS 

WATER  QUALITY 

DAVIS  GULCH 

Sediment  Levels .    Runoff  from  construction  sites  will  contain  increased  levels 
of  sediment.    This  condition  will  be  as  temporary  and  sporadic  as  the  various 
construction  activities  scheduled  for  the  sites  in  Davis  Gulch.    Although 
increased  turbidity  is  a  natural  consequence  of  heavy  precipitation  in  the 
gulch,  higher  levels  will  result  from  intense  precipitation  during  construction. 
It  is  difficult  to  quantify  the  resulting  increased  sediment  loads.    Generally, 
the  greater  the  surface  disturbance,  the  more  runoff  and  increased  sediment. 

The  sloped  surfaces  of  the  processed  shale  embankment  are  designed  to 
lower  the  quantity  of  runoff  water  and  to  keep  it  from  attaining  high  velocities, 
lowering  its  sediment  load.    Benches  cut  into  the  front  slope  of  the  embankment 
will  contain  downslope  drainage  and  lateral  drainage  flumes  will  route  run- 
off from  the  top  of  the  embankment  and  surrounding  watershed  toward 
the  outside  of  the  embankment.    Small  settling  basins  below  the  shale  embank- 
ment will  remove  much  of  the  suspended  sediments  from  the  main  runoff 
flow  prior  to  its  impoundment  in  the  catchment  basin  behind  Davis  Gulch 
dam .    The  containment  basin  created  by  the  dam  will  help  maintain  the  quality 
of  Parachute  Creek  water  and  provide  the  settling  time  necessary  to  remove 
most  remaining  sediment  by  gravity  clarification . 

Sediment  concentrations  will  depend  on  runoff  velocity,  length  of  flow  over 

the  embankment,  and  the  physical  condition  of  the  surface.    A  test  study 

by  Metcalf  and  Eddy  (13)  for  Colony  indicated  that  minimum  sediment  content 

for  runoff  will  probably  be  around  1,000  mg/1  from  vegetated  surfaces; 

and  maximum  sediment  content  will  probably  exceed  10,  000  mg/1  for  surfaces 

having  no  vegetation . 

Suspended  sediment  gives  the  runoff  a  dark  gray-black  color.    As  it  settles, 
the  runoff  becomes  relatively  free  of  turbidity  and  color.    When  it  dries, 
the  sediment  deposits  turn  a  grey-white  color  because  of  surface  deposition 
of  dissolved  salts  (13)  . 
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Salinity.    Process  water  will  supply  45  to  67  percent  of  the  average  1,500  gpm 
of  water  used  to  moisturize  spent  shale  prior  to  its  compaction .    A  rough 
approximation  of  chemical  components  of  process  water  is  shown  in  Table  II-7. 
The  actual  constituents  of  process  water  generated  by  the  plant  will  not 
be  known  until  all  operating  units  are  functioning  under  normal  conditions . 
The  total  concentration  of  dissolved  solids  in  this  water,  expressed  in  parts 
per  million  by  weight  (ppm)  ,  is  roughly  4,650  ppm .    This  level  is  sub- 
stantially higher  than  average  T  .D.S  .  levels  for  the  Colorado  River  in 
the  vicinity  of  Grand  Valley  (450-550  ppm,  based  on  samples  taken  at 
Station  556  Figure  111-56)  during  the  period  September,  1969  through 
December,  1973)  and  for  the  most  saline  parts  of  Parachute  Creek  below 
Grand  Valley  (1,  000-2,  000  ppm  for  Station  555  for  the  same  record  period) 
(2)  .    Average  T.D.S.  levels  for  runoff  in  Davis  Gulch  (Station  552)  range 
from  300-400  ppm  (based  on  samples  taken  during  the  same  record  period)  . 

The  Metcalf  and  Eddy  test  study  (13)  for  Colony  measured  T.D.S.  in  runoff 
from  processed  shale.    The  added  contribution  of  water  soluble  material 
supplied  by  process  water  and  spent  catalysts  to  be  placed  in  the  disposal 
pile  was  not  considered  in  this  study.    T.D.S.  concentrations  in  the  runoff 
were  found  to  be  dependent  upon  rainfall  intensity  and  duration  and  the 
amount  of  surface  salt  deposition  during  drying.    During  extended  rainfall, 
T.D.S.  concentrations  were  initially  very  high,  then  rapidly  decreased 
to  steady  state  values  as  the  surface  salts  were  washed  away  (13)  .    The  T  .D.S 
was  almost  entirely  inorganic  salts  chemical  similar  but  in  excess  of  that 
normally  found  in  Parachute  Creek.    It  is  possible  that  runoff  T.D.S  .  will 
decrease  as  the  disposal  pile  ages  due  to  depletion  of  the  soluble  salts  by 
leaching  in  the  upper  5  feet  of  the  pile  (13)  . 

The  two  mechanisms  which  bring  water  soluble  materials  out  of  the  disposal 
pile  and  into  solution  in  natural  waters  involve  leaching  processes.    The 
first  is  leaching  of  material  from  the  pile  surface  by  runoff,  and  the  second 
is  leaching  of  material  from  the  interior  of  the  pile  by  percolation  of  surface 
water  (13)  . 
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The  processing  of  oil  shale  during  retorting  increases  the  exposure  of  its 
chemical  constituents  to  the  leaching  and  erosive  action  of  water.    The 
elemental  constituents  of  processed  oil  shale  are  shown  in  Table  IV- 13; 
with  the  exception  of  elements  formed  by  the  decomposition  of  kerogen, 
most  of  the  elements  listed  in  the  table  are  commonly  found  in  oil  shale. 
Increased  exposure  of  these  constituents  in  the  shale  embankment  leads 
to  higher  concentrations  of  elements  in  runoff  (and  in  leachate)  than  occur 
in  natural  runoff. 

When  surface  runoff  ceases,  the  residual  surface  moisture  on  the  shale 
embankment  eventually  evaporates  and  strong  capillary  forces  come  into 
play.    Surface  water  that  has  penetrated  into  the  top  several  feet  of  the 
shale  pile  will  be  brought  to  the  surface  by  capillary  action  as  the  drying 
process  proceeds .    Soluble  materials  will  also  be  brought  to  the  surface 

and  deposited  in  the  form  of  a  visible  white  crust.    The  salty  crust  will 

+         +2  -2 

be  primarily  composed  of  Na   ,  Mg      ,  SO.      ,  and  CI    ions  and  other 

miscellaneous  solids .    Runoff  from  precipitation  and  irrigation  for  leaching 

purposes  will  slowly  dissolve  this  crust  and  leach  or  flush  other  dissolved 

solids  from  the  surface  of  the  pile . 

The  average  annual  runoff  volume  from  Davis  Gulch  is  estimated  to  be  225 
(9)  to  340  (10)  acre-feet.    If  this  runoff  were  permitted  to  accumulate  in 
the  catchment  basin  behind  the   Davis  Gulch  dam,  the  concentrating  effect 
of  evaporation  would  produce  increasingly  higher  levels  of  salinity  in 
the  impoundment.    Colony  proposes  to  use  this  water  in  plant  operations 
and  to  moisturize  processed  shale  to  reduce  the  overall  water  requirements 
of  the  plant  complex  wherever  fresh  water  is  not  required .    Based  on  present 
estimates  of  the  rates  of  water  consumption  for  the  plant  and  processed 
shale  embankment  of  about  9,000  acre-feet  annually,  the  entire  annual 
runoff  from  Davis  Gulch  would  compose  only  about  4  percent  of  plant  water 
requirements .    Most  of  the  runoff  water  drawn  from  the  catchment  basin 
will  be  used  to  moisturize  the  processed  shale  and  in  irrigation  of  the  embank- 
ment to  support  leaching  in  the  near-surface  layers.    Most  of  this  water 
(together  with  whatever  salts  it  contained  prior  to  its  use  in  the  wetting 
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TABLE  IV-13 
ELEMENTAL  CONCENTRATION  OF  PROCESSED  GREEN  RIVER  OIL  SHALE    (2) 


Element 

Concentration 

Element 

Concentration 

Element 

Concentration 

(Wt.   PPM) 

(Wt.   PPM) 

(Wt.    PPM) 

Li 

850 

Zr 

9.3 

Cd 

0.40 

Be 

35 

Nb 

3.4 

Tb 

0.07 

B 

140 

Mo 

4.9 

Dy 

0.40 

F 

1,700 

Ru 

0.1 

Ho 

0.07 

CI 

72 

Rh 

0.1 

Er 

0.27 

Sc 

2.4 

Pd 

0.1 

Yb 

0.25 

Ti 

570 

Ag 

0.01 

Lu 

0.1 

V 

29 

Cd 

0.14 

Hf 

0.1 

Cr 

49 

In 

standard*  (0.1) 

Ta 

0.04 

Mn 

34 

Sn 

0.11 

W 

0.42 

Co 

39 

Sb 

0.39 

Re 

0.1 

Ni 

11 

Te 

0.1 

Os 

0.1 

Cu 

15 

I 

0.01 

Ir 

0.1 

Zn 

13 

Cs 

1.2 

Pt 

0.1 

Ga 

2.2 

Ba 

32 

Au 

0.1 

Ge 

0.40 

La 

1.4 

Hg 

0.1 

As 

7.2 

Ce 

1.6 

Ti 

0.14 

Se 

0.08 

Pr 

0.25 

Pb 

10 

Br 

0.01 

Nd 

1.2 

Bi 

0.36 

Rb 

29 

Sm 

0.44 

Th 

0.77 

Sr 

69 

Eu 

0.12 

U 

0.99 

Y 

1.2 

Indium  is  used  as  an  internal  standard  in  spark-source  mass 
spectroscopy.      Because  of  its  presence  as  a  standard,    it  cannot 
be  measured  in  the  sample. 
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process)  will  remain  in  the  embankment  and  only  a  very  small  portion  is 
likely  to  re-enter  the  surface  or  subsurface  water  systems. 

The  depth  of  percolation  of  surface  water  into  the  interior  of  the  shale 
embankment  will  determine  the  amount  of  leachate  produced.    A  Metcalf 
and  Eddy  test  study   (13)  for  Colony  indicated  that  penetration  of  rain  and 
snowmelt  water  into  the  disposal  pile  will  be  limited  to  a  maximum  of  2.75 
feet  below  the  surface  in  an  average  precipitation  year  if  the  moisture  content 
of  the  top  3  feet  of  the  pile  averages  13  percent.    For  a  heavy  snow  year 
(twice  the  average  annual  snowfall)  ,  maximum  penetration  would  be  about 
5.5  feet  (13)  . 

Assuming  the  above  penetration  rates,  leachate  production  from  the  shale 
embankment  will  be  limited  to  those  portions  around  the  edge  of  the  pile 
having  depths  of  3  to  5  feet  or  less .    The  toe  of  the  sloped  front  face  of 
each  shale  pile  will  be  the  area  of  primary  concern  for  leachate  production. 
Metcalf  and  Eddy  (13)  predict  that  the  maximum  annual  leachate  production 
will  range  from  50  to  190  gallons  per  foot  of  toe  width,  depending  on  the 
amount  of  snowfall  and  the  sequence  of  snowfall-snowmelt  events .    Water 
which  does  penetrate  the  top  3  to  5  feet  of  the  disposal  pile  but  does  not 
leave  the  embankment  as  leachate  will  either  be  consumed  by  the  root  system 
of  the  vegetation  planted  for  erosion  control  or  will  rise  to  the  surface 
by  capillary  action  under  drying  conditions . 

Leachate  composition  during  the  initial  several  years  of  the  life  of  the  disposal 
pile  (before  the  soluble  salts  have  been  significantly  depleted  by  leaching) 
will  be  that  of  yellow  alkaline  water,  with  a  tendency  for  pH  reversal  and 
color  change  to  blue.    The  Metcalf  and  Eddy  study  (13)  predict  that  the  T.D.S 
content  could  be  on  the  order  of  40,  000  mg/1;  approximately  99  percent 
of  the  T.D.S.  will  be  a  complex  mixture  of  inorganic  salts  and  the  remaining 
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one  percent  will  be  organic  materials  from  the  hydrocarbon  residue  on  the 
processed  shale  and  from  process  wastewater  used  in  shale  moisturization. 

The  volumes  of  leachate  produced  are  expected  to  be  very  small  compared 
with  runoff.    Leachate  production  would  mostly  occur  during  periods  of 
high  volume  surface  and  groundwater  flows;  therefore,  the  impact  of  its 
high  concentration  of  salts  would  be  greatly  reduced .    It  is  possible  that  the 
toe  of  the  embankment  could  eventually  be  leached  free  of  water  soluble 
materials  and  that  leachate  quality  could  improve  with  age  of  the  disposal 
pile  (13)  . 

Subsidence  of  the  Davis  Gulch  shale  disposal  area,  if  it  should  occur,  is 
not  expected  to  substantially  effect  the  hydrologic  regime.    The  design 
of  the  mine  will  be  modified  beneath  critical  structures  to  minimize  subsidence 
potential.    The  catchment  basin  will  be  lined  with  an  impermeable  material 
to  prevent  movement  of  ponded  runoff  waters  from  the  disposal  pile  into  the 
groundwater  system .    The  lining  will  be  flexible  and  will  conform  to  the 
ground  surface  should  minor  deformation  due  to  subsidence  occur.    The 
processed  shale  embankment  will  probably  deform  plastically  if  the  ground 
subsides.    Subsidence,  if  it  occurs,  will  likely  be  gradual  and  over  a  period 
of  several  years.    A  worst  case  situation  of  sudden  subsidence  could  damage 
and  impair  facilities  for  protecting  the  disposal  area  such  as  interceptors, 
underdrains,  and  dams.    An  increase  in  infiltration  of  leachate  and  runoff 
between  the  shale  embankment  and  the  catchment  basin  behind  Davis 
Gulch  dam  will  accompany  subsidence  because  of  the  increased  fracturing 
within  this  area  of  major  regional  fractures. 

A  comparison  of  ionic  constituents  for  natural  flows  in  Davis  Gulch  and  the 
Middle  Fork  of  Parachute  Creek  with  runoff  from  processed  shale  is  shown 
in  Figure  IV-9.    This  comparison  is  based  on  values  for  ionic  constituents 
in  runoff  from  processed  shale  measured  in  tests  conducted  by  Metcalf 
and  Eddy  (13)  and  on  measurements  of  these  constituents  in  natural  runoff 
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B  -  Davis  Gulch,  Below  Falls 

C  -Upper  Middle  Fork, at  North  Boundary  of  Dow  Prop. 

D  -Middle  Fork, Below  Falls 

E  -Middle  Fork,  at  South  Boundary  of  Dow  Property 


FIGURE  IV-9 

COMPARISON  OF  IONIC  CONSTITUENTS  FOR 

NATURAL  FLOWS  IN  DAVIS  GULCH  AND  THE  MIDDLE 

FORK  OF  PARACHUTE  CREEK  WITH  RUNOFF  FROM 

PROCESSED  SHALE   (8)  (13) 
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in  Davis  Gulch  and  the  Middle  Fork  of  Parachute  Creek  (10)  .    The  two  examples 

of  runoff  in  Figure  IV -9  represent  rainfall  and  snowmelt  induced  runoff 

events .    The  rainfall  runoff  was  produced  after  a  heavy  simulated  rain 

on  processed  shale  for  8  hours.    The  snowmelt  runoff  was  produced  by 

simulating  rainfall  on  processed  shale  and  then  keeping  it  wet  for  8  hours 

to  simulate  runoff  from  melting  snow .    The  effects  of  process  wastewater 

and  spent  catalysts  which  will  be  placed  in  the  diposed  shale  pile  are  not 

included  in  the  test  values  for  processed  shale  runoff  in  Figure  IV -9 . 

If  these  effects  were  included,  the  shale  runoff  values  in  Figure  IV-9  would 

be  slightly  higher . 

Metallic  Elements .    Trace  concentrations  of  metallic  elements  such  as  mercury, 
lead,  and  arsenic  are  found  in  oil  shale.    The  mining,  crushing,  and  stock- 
piling of  oil  shale  will  expose  large  surface  areas  of  unprocessed  shale  to 
the  leaching  effects  of  precipitation  and  snowmelt.    The  concentrations  of 
trace  metals  in  runoff  from  the  coarse  ore  storage  area  will  depend  upon 
the  leaching  characteristics  of  oil  shale.    Leaching  and  runoff  studies  for 
processed  shale  have  been  conducted  by  Metcalf  and  Eddy  (13)  ,  and  are 
discussed  in  the  preceding  Sediment  Levels  and  Salinity  sections.    These 
studies  did  not  test  the  leaching  characteristics  of  unprocessed  shale, 
however,  its  rate  of  leaching  should  be  much  less  than  that  of  processed 
shale  which  has  undergone  the  retorting  process.    Processed  shale  contains 
essentially  all  of  the  metallic  elements  found  in  raw  shale.    The  conversion 
of  shale  to  fine  particules  produced  by  the  retorting  process  increases 
the  leaching  potential  of  these  elements.    Approximately  60  percent  of  the 
retorted  shale  particles  are  finer  than  the  No.  200  sieve  (0.003  inches)    (14)  . 
Waste  water  and  spent  catalyst  material  from  the  plant  will  also  contain  some 
of  these  elements .    All  of  these  wastes  will  be  disposed  of  in  the  processed 
shale  embankment  in  Davis  Gulch.    Present  plans  are  to  bury  spent  catalysts 
beneath  the  surface  portions  of  the  embankment  which  will  be  irrigated 
during  the  revegetation  program.    These  catalysts  will  contain  various  amounts 
of  iron,  cobalt,  copper,  zinc,  molybdenum,  and  arsenic,  which  is  absorbed 
by  the  catalyst  from  the  oil  shale  (4)  .    The  spent  catalyst  material  will 
contain  no  lead  or  mercury  (4)  .    Metcalf  and  Eddy  (13)  in  their  recent 
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studies  on  runoff  and  leachate  from  a  simulated  shale  embankment  listed 
concentrations  of  metallic  elements  produced  from  various  situations  which 
generated  runoff  and  leachate.    These  studies,  however,  were  not  conducted 
with  the  addition  of  spent  catalyst  material  and  process  water  on  the  shale 
embankment.    Therefore,  the  concentrations  of  metallic  elements  in  the 
Metcalf  and  Eddy  study  would  be  slightly  lower  than  could  actually  be 
expected  during  the  life  of  the  shale  embankment. 

Alkalinity .    Samples  of  processed  shale  runoff  in  the  Metcalf  and  Eddy 
study  (13)  are  relatively  low  in  alkalinity,  generally  between  7.5  and  8.5  pH 
Runoff  characteristics  from  processed  shale  (from  the  above  Metcalf  and 
Eddy  study)  was  compared  to  natural  flows  in  Davis  Gulch  and  the  Middle 
Fork  of  Parachute  Creek,  also  measured  by  Metcalf  and  Eddy  (8)  ,  in 
Figure  IV-9.    The  comparison  indicates  that  the  bicarbonate  anion  content 
of  natural  flows  is  substantially  greater  than  that  of  the  processed  shale 
runoff.    Leachate  sampled  is  initially  alkaline  (pH  8  to  9)  but  soon  begins 
to  generate  acid  and  within  a  few  weeks  the  pH  drops  to  2  to  3  (13)  . 

Miscellaneous  Pollutants  .    Approximately  20  gpm  of  sewage  will  be  produced 
during  the  operation  of  the  plant  complex  south  of  Davis  Gulch,  including 
sanitary  facilities  at  the  retorting  and  upgrading  complex  and  processed 
shale  disposal  building .    The  sewage  effluent  produced  by  these  facilities 
will  be  treated  and  used  in  processed  shale  disposal .    The  treated  material 
may  be  mixed  with  processed  shale  to  improve  its  fertility  as  a  part  of   the 
revegetation  program  (11)  .    Residual  effluent  will  be  recycled  and  used  to 
moisturize  processed  shale  along  with  waste  water  from  a  variety  of  water 
treatment  and  process  units.    This  water  will  contain  a  variety  of  miscell- 
aneous pollutants.    Phenol,  a  substance  produced  by  the  retorting  process, 
is  known  to  be  highly  toxic  to  plants  and  animals .    Experiments  conducted 
by  Metcalf  and  Eddy  (13)  using  simulated  process  wastewater  to  moisturize 
spent  shale  indicated  that  phenol  was  only  very  slightly  soluble.    Phenol 
was  present  at  the  0.02  mg/1  level  in  the  leach  water  and  was  adsorbed  by 
the  processed  shale  and  present  at  the  1.0  ppm  level. 
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Processed  shale  contains  about  50  ppm  of  arsenic,  of  which  only  0.22 
percent  (0.11  ppm)  is  water  soluble  (2)  .    At  a  disposal  rate  of  55,000  tons, 
0.11  ppm  will  amount  to  about  12  pounds  of  soluble  arsenic  per  day  continually 
added  to  the  processed  shale  pile.    An  additional  0.24  to  4.8  pounds  per 
day  of  soluble  arsenic  in  the  process  water  will  be  used  to  moisturize  the 
processed  shale  (assuming  that  675,000  lbs/hr  of  process  water  will  be 
used) . 

A  proprietary  catalyst  will  remove  an  additional  108  tons  per  year  of 
arsenic  from  feed  streams  in  the  naphtha  and  gas  oil  hydrogenation  units. 
The  arsenic  will  be  combined  with  a  proprietary  inert  compound  (composed 
of  35  percent  sulfur)  to  form  solid  waste  material  (435  tons  per  year)  . 
The  specific  method  for  disposing  of  the  spent  catalyst  and  arsenic  waste 
material  in  the  processed  shale  pile  has  not  been  firmly  established, 
however,  the  present  preferred  alternative  disposal  method  is  described 
in  the  Solid  Waste  Disposal  section  of  Chapter  II.    In  any  disposal  procedure 
used,  Colony's  goal  is  to  maximize  dispersion  within  the  shale  pile  and 
to  minimize  exposure  to  personnel.    Most  of  the  arsenic  will  be  in  a  form 
which  is  quite   insoluble  in  water  of  ambient  temperature.    Only  approximately 
20  ppm  or  31  lbs/yr  of  the  arsenic  in  the  waste  material  will  be  water 
soluble  (2)  . 

The  small  amount  of  water  soluble  arsenic  in  the  hydrotreater  waste  material 
represents  only  about  1/150  of  the  water  soluble  arsenic  present  in  the 
processed  shale  (2)  .    Considering  the  small  amount  of  water  soluble  arsenic 
to  be  added  to  the  large  volume  of  porcessed  shale  (approximately  20 
million  tons  per  year)  ,  the  environmental  impact  resulting  from  the  deposit 
of  this  material  is  expected  to  be  insigniificant . 

Studies  on  runoff  quality  from  processed  shale  conducted  by  a  consultant 
to  Colony  (Metcalf  and  Eddy)  determined  that  arsenic  was  present  in 
concentrations  of  only  up  to  0.008  ppm  by  weight  in  the  several  tests  run 
(13)  .    Although  this  study  was  performed  on  processed  shale,  without 
the  added  contributions  of  arsenic  from  process  water  and  hydrotreater 
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waste  material,  the  measured  concentrations  of  arsenic  in  the  runoff  water 
will  probably  closely  represent  those  from  the  actual  proposed  shale 
embankment.    Of  the  relatively  small  amounts  of  soluble  arsenic  added 
to  the  processed  shale  embankment  from  process  water  and  hydrotreater 
waste  material,  only  the  soluble  arsenic  in  the  process  water  will  be 
available  to  runoff  water  because  the  hydrotreater  waste  material  will 
probably  be  buried  in  the  shale  pile  and  covered  by  compacted  processed 
shale  (according  to  Colony's  present  preferred  disposal  alternative)  . 

As  indicated  in  Table  11-13,  a  variety  of  additional  spent  catalysts  and  other 
potential  water  quality  contaminants  will  be  produced  by  the  upgrading  units 
at  the  retorting  complex.    These  materials  will  be  disposed  of  in  the  processed 
shale  embankment  until  such  a  time  that  markets  become  available  for  their 
resale.    It  is  estimated  that  the  total  annual  quantity  of  these  substances 
will  amount  to  about  295,000  tons,  or  about  1.5  percent  of  the  approximately 
20  million  tons  annually  of  processed  shale  to  be  disposed.    Tests  by  Metcalf 
and  Eddy  (13)  measured  the  concentrations  of  pollutants  which  occurred 
during  various  runoff  conditions  from  processed  shale;   however,  spent 
catalysts  and  process  water  to  be  in  the  actual  shale  pile  were  not  included 
in  the  tests  and  their  effects  on  runoff  were  not  measured .    Individual  tests 
were  conducted  to  determine  the  composition  of  process  water.    It  was 
estimated  that  about  0.07  percent  of  the  processed  shale  pile  will  be 
contaminants  from  the  process  water . 

The  processed  shale  will  contain  approximately  three  to  five  percent 
organic  carbon.    Organic  constituents  of  the  disposed  coke,  waste  water, 
and  raw  shale  dust  in  the  shale  pile  will  raise  the  level  of  organic  carbon 
in  the  disposal  pile  by  approximately  1.5  percent.    The  temperature  required 
to  initiate  combustion  for  processed  shale  containing  about  three  percent 
organic  carbon  in  the  presence  of  air  is  878  F   (15)  .    By  the  time  the  processed 
shale  is  compacted  the  moisture  content  will  be  about  13  percent  by  weight 
and  the  temperature  will  have  cooled  to  about  100  F  or  less   (2)  .    With  this 
moisture  content  and  a  compaction  density  of  85-90  pounds  per  cubic  foot, 
oxygen  will  not  be  able  to  penetrate  the  shale  embankment  to  support 
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subsurface  combustion.    Surface  temperatures  are  never  expected  to 
exceed  200  F   (the  temperature  at  which  the  shale  leaves  the  retorting  operation) 
As  outlined  above,  it  appears  that  the  potential  for  spontaneous  combustion 
of  the  processed  shale  is  extremely  unlikley.     Predicted  vertical  penetration 
of  water  into  the  shale  pile  of  only  3  to  5  feet  also  relegates  the  probability 
of  generation  of  toxic  leachate  as  unlikely. 


It  is  probably  that  certain  other  contaminants  such  as  minor  amounts  of  oil, 
gasoline,  and  diesel  fuel  spilled  from  vehicles  and  equipment  at  the  retorting 
complex,  and  miscellaneous  suspended  solids  could  enter  the  natural  drainage 
area  of  Davis  Gulch . 

Except  for  runoff  released  from  the  spillway  during  intense  runoff  events, 
all  of  the  potential  runoff  described  above  should  be  contained  behind  the 
Davis  Gulch  catchment  dam.  The  consumption  and  evaporation  of  contaminated 
runoff  will  substantially  reduce  the  net  impact  upon  water  quality.  In  the 
event  that  runoff  water  is  discharged  from  the  spillway,  estimates  are  that 
the  T.D.S .  concentrations  of  the  water  released  from  the  dam  will  amount 
to  approximately  440  ppm  (11)  . 

The  Davis  Gulch  catchment  dam  should  serve  its  intended  use  during  the  oper- 
ating life  of  the  plant.    The  fate  of  the  Davis  Gulch  catchment  dam  after 
conclusion  of  the  Dow  West  project  has  not  been  ultimately  determined  although 
Colony  has  considered  some  of  the  alternatives  in  detail .    It  is  possible  that 
the  dam  would  be  left  in  place  and  maintained  for  an  indefinite  period  of  time. 
Provisions  would  have  to  be  made  to  prevent  the  dam  from  spilling,  since  the 
reservoir  area  behind  the  dam  would  eventually  fill  and  contaminated  water 
would  enter  Parachute  Creek.    If  no  provisions  for  maintenance  are  made,  the 
dam  would  eventually  fail.    Sudden  failure  could  rapidly  release  as  much  as 
1,200  acre-feet  of  contaminated  water  and  cause  flooding  in  Parachute  Creek. 
However,  it  is  more  likely  that  failure  would  be  a  slow  erosional  process 
resulting  in  the  eventual  exposure  of  the  silted  reservoir  to  erosion.    This 
would  release  to  runoff  water  greater  quantities  of  processed  shale  to 
Parachute  Creek. 

IV-75 


IMPACTS 

Another  possibility  is  that  the  dam  would  be  removed  and  water,  as  a  result 
of  precipitation,  would  again  enter  Parachute  Creek.    The  projected  quantities 
of  additional  sediments  and  total  dissolved  solids  as  a  result  of  natural  runoff 
from  a  sloped,  compacted,  revegetated,  processed  shale  embankment  are  not 
known.    As  stated  before,  the  process  of  retorting  the  shale  increases 
the  exposure  of  many  of  its  constituents  to  the  leaching  and  erosive  action 
of  water .    As  a  result,  runoff  from  the  embankment  may  contain  higher  concen- 
trations of  shale  constituents  that  would  decrease  water  quality.    A  worst  case 
analysis  is  examined  in  the  wildlife  section  of  this  chapter  under  the  subheading 
of  Parachute  Creek  valley. 

The  mining  operation  will  expose  fresh  surfaces  to  the  leaching  action  of  water 
which  may  percolate  through  the  mine  roof.    This  mine  runoff  could  increase 
deterioration  of  quality  of  water  which  enters  the  mine  floor.    However,  the 
dewatering  operation  should  reduce  the  availability  of  large  amounts  of  water 
in  the  mine.    Plans  to  wet  down  the  muck  pile  for  dust  suppression  purposes 
could  result  in  some  additional  deterioration  of  groundwater  quality. 

Dewatering  of  the  mine  through  the  drilling  of  wells  may  cause  deterioration 
of  water  quality  by  increasing  communication  between  aquifers  and  mixing 
of  these  waters .    The  extent  of  the  possible  reduction  in  water  quality 
cannot  be  estimated  at  this  time.    A  beneficial  impact  of  dewatering  would 
be  the  improvement  in  the  quality  of  surface  waters  leaving  the  property; 
this  would  result  from  a  lowered  water  table  which  would  no  longer  enable 
the  more  highly  mineralized  groundwater  to  enter  the  stream  channel  system. 

The  processed  shale  embankment  is  potentially  a  source  of  groundwater  con- 
tamination.    This  contamination  could  result  from  percolation  through  or  beneath 
the  pile,  or  from  pile  subsidence  caused  by  mine  subsidence.    The  existing 
soil  layer  will  be  removed  over  approximately  50  percent  of  the  embankment 
area  and  the  shale  waste  will  be  placed  on  the  underlying  rock  strata.    In 
this  situation,  the  waste  embankment  should  not  significantly  affect  subsurface 
water  quality  because  large  amounts  of  water  are  not  expected  to  percolate 
through  or  pass  beneath  the  great  majority  of  the  pile.    However,  in  areas 
where  it  is  impossible  to  remove  the  existing  soil  material,  slight  groundwater 
contamination  could  result  from  percolation  through  or  beneath  the  edges  of 

the  pile. 
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MIDDLE  FORK  OF  PARACHUTE  CREEK 

Construction  of  the  mine  bench  and  access  road  over  and  along  the  Middle 
Fork  of  Parachute  Creek,  as  well  as  construction  activity  in  Davis  Gulch, 
will  temporarily  increase  sediment  loads  and  T.D.S.  concentrations  by 
an  unknown  amount  in  the  Middle  Fork  prior  to  the  completion  of  the  Middle 
Fork  catchment  dam. 

The  temporary  storage  of  water  in  the  Middle  Fork  catchment  dam  will 
cause  sedimentation  in  the  area  behind  the  dam .    As  a  result  the  water 
released  from  the  dam  should  contain  less  silt  than  naturally  occurring 
water . 

Discharges  from  the  spillway  on  the  Davis  Gulch  catchment  dam  should 
only  occur  under  extremely  abnormal  precipitation  events.    As  indicated 
previously,  the  T.D.S  .  concentration  of  water  released  from  the  spillway 
under  these  conditions  will  be  approximately  400  ppm  or  about  50  percent 
higher  than  average  T.D.S.  concentrations  measured  in  the  Middle  Fork 
of  Parachute  Creek  below  its  confluence  with  Davis  Gulch   (9)  .    In  addition 
runoff  from  Davis  Gulch  may  contain  a  variety  of  other  pollutants  such  as 
metallic  elements  and  trace  hydrocarbons . 

GREEN  MOUNTAIN  RESERVOIR 

The  withdrawal  of  water  from  the  reservoir  should  not  affect  the  quality  of 
reservoir  water  and  will  probably  improve  the  downstream  water  quality 
during  low  flow  period  by  dilution  of  the  normal  flow . 

PIPELINE  CORRIDOR  STREAMS 

During  construction,  disturbed  surface  areas  will  occasionally  be  subjected 
to  intense  runoff,  principally  from  thunderstorms,  resulting  in  increases  in 
erosion,  T.D.S.,  suspended  solids,  and  settleable  solids. 
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Kane  Springs  Creek  is  a  source  of  water  for  wildlife  and  livestock.    The  sus- 
pended solids  load  of  this  stream  is  relatively  low  compared  to  other  streams 
in  the  region  (16)  .    Therefore,  an  increase  in  turbidity  produced  by  construction 
activities  in  the  vicinity  of  this  creek  could  constitute  a  significant  impact. 

Operation  of  the  shale  oil  pipeline  could  result  in  a  spill  of  low-sulfur  fuel  oil 
into  various  bodies  of  water .    If  a  spill  occurs,  the  effect  on  the  quality  of  water 
could  be  substantial,  depending  on  a  number  of  factors  such  as  oil  quantity 
released,  stream  velocity,  and  water  temperatures. 

Based  on  1970  statistics  and  analyses  provided  by  the  National  Petroleum  Council 
(1971)  ,  approximately  0.006  percent,  or  2.8  barrels  per  year  were  spilled  per 
mile  of  pipeline.    If  these  statistics  are  applied  over  the  proposed  194-mile  pipe- 
line, spill  (s)  of  approximately  500  barrels  per  year  could  be  expected. 

The  spill  potential  over  the  length  of  the  proposed  pipeline  can  be  predicted 
to  be  much  less  than  indicated  by  the  above  figures  because  they  were  computed 
for  pipelines  of  all  ages  and  conditions,  dating  from  the  early  1900's,  with  and 
without  various  means  of  protection.    A  breakdown  of  the  pipeline  spills  by  causes 
for  the  year  1972  indicates  the  two  major  ones  were:    external  corrosion  -  24.4 
percent,  and  equipment  rupturing  pipeline  -  22.3  percent.    Other  causes  included: 
defective  pipe  seam  -  9.1  percent,  internal  corrosion  -  8.1  percent,  incorrect 
operations  -  7.1  percent,  and  19  other  causes  totaling  29  percent. 

It  is  unlikely  that  a  major  or  minor  failure  would  occur  because  the  pipeline 
design  must  comply  with  Department  of  Transportation  Office  of  Pipeline 
safety  regulations,  including  external  corrosion,  and  most  of  the  pipeline 
(approximately  80  percent)  will  pass  through  areas  of  low  exposure  to 
construction  activity  where  bulldozers  or  other  earthmoving  equipment 
will  not  be  apt  to  strike  or  rupture  the  pipeline.    The  most  probable  cause 
of  a  rupture  on  the  pipeline  will  be  through  damage  by  an  outside  party. 
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Even  though  a  failure  is  unlikely,  it  is  possible  that  a  rupture  could  occur 
anywhere  along  the  pipeline .    The  volume  of  oil  spilled  would  depend  on 
whether  a  complete  or  partial  failure  occurred  and  on  the  type  of  terrain. 
As  shown  in  Appendix  1,  volumes  of  oil  spilled  from  a  complete  failure  could 
range  from  as  little  as  50  barrels  near  milepost  10,  to  over  11,000  barrels 
near  mileposts  53.5  and  70  along  the  pipeline.    See  Figure  II-2  for  milepost 
locations.    Along  ridgetops  of  higher  elevations  such  as  on  the  Roan  Plateau, 
little  or  no  oil  would  spill  from  a  complete  rupture.    Detailed  information 
relating  to  drainage  volumes  for  full  line  rupture  at  numerous  points  along 
the  proposed  shale  oil  pipeline  is  given  in  Appendix  1,  pages  D-7  through 
D-18. 

A  significant  point  for  a  spill  would  be  in  the  vicinity  of  the  Colorado  River 
crossing  near  Moab,  Utah,  between  mileposts  150  and  154.    A  spill  from  complete 
pipeline  rupture  in  this  area  could  amount  to  as  much  as  5,364  barrels  of 
shale  oil,  should  all  pipeline  shutdown  valves  fail  to  operate.    Most  of  the  spill 
could  enter  the  Colorado  River  and  be  carried  downstream.    How  far  the  oil 
would  be  transported  would  depend  on  numerous  variables  at  the  time  of  the  spill 
A  slight  possibility  exists  that  oil  could  be  transported  as  far  south  as  Lake 
Powell  (100-plus  miles)  if  no  immediate  clean-up  operations  were  begun. 
It  would  take  a  special  study  to  determine  the  likelihood  of  such  an  event 
occurring,  since  numerous  variables  would  have  to  be  considered. 

Some  of  the  examples  of  variables  include  temperature  of  the  water,  air 
temperature,  rate  of  flow  of  the  river,  water  turbulence,  water  sediment  loads, 
types  of  rock  and  soil  the  river  passes  through,  shoreline  vegetation,  etc. 
Probably  though,  the  automatic  shutdown  and  valving  system  would  work 
properly,  limiting  the  entry  of  large  amounts  of  oil  at  the  crossing  point. 
Assuming  a  flow  rate  of  2,000  barrels  per  hour  (48,000  bbl/day)  and  a 
1.5-minute  shutdown,  approximately  45  barrels  of  oil  could  enter  the  river 
during  a  break. 
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Oil  tends  to  spread  out  over  the  surface,  adhere  to  floating  debris,  and  con- 
centrate in  areas  of  slower  velocity .    Evaporation  will  occur  depending  on 
water  temperature,  velocity,  surface  area,  etc.    Some  oxidation  of  the  oil 
will  occur  to  form  other  organic  compounds.    The  finished  product  character- 
istics, specifically  pour  point,  are  such  that  the  pipeline  oil  should  not  be 
readily  miscible  with  water.    Pour  point  is  between  50    -  60  F   (17)  ,    When 
water  temperature  falls  below  50  F,  upgraded  shale  oil  will  tend  to  congeal 
and  become  less  miscible  with  water  than  when  in  a  more  fluid  state. 

Along  the  pipeline  route,  Kane  Springs  and  Mill  creeks  flow  perennially.    An 
oil  spill  entering  these  waters  would  adversely  affect  the  water  quality  any 
time  during  the  year.    Any  oil  spills  into  Kane  Springs  and  Mill  creeks  would 
be  serious  because  both  are  used  for  domestic  livestock  and  irrigation. 

The  effect  of  water  quality  in  watersheds  along  the  pipeline  route  will  depend 
primarily  on  the  accessibility  of  an  oil  spill  to  water.    Since  most  of  the  water 
courses  in  these  watersheds  are  normally  intermittent,  the  impact  of  an  oil 
spill  related  to  aquatic  life  would  not  likely  be  severe.    The  impacts  on 
these  streams  during  an  oil  spill  cleanup  operation  depend  upon  the  size 
of  spill,  location,  type  of  cleanup  equipment,  and  time  of  year.    The  impacts 
may  be  increased  runoff  resulting  in  increased  sediment  loads  and  T  .D  .S  . 

DAM  FAILURE 

The  probability  of  risks  of  sudden  and  complete  dam  failure  resulting  in 
flood  conditions  in  Parachute  Creek  or  the  release  of  contaminated  water 
into  Parachute  Creek  is  remote,  assuming  current  standards  of  engineering 
practice  are  used  in  design  and  during  construction. 

The  following  are  excerpts  from  Appendix  A  of  Colony's  Hydraulic  Analysis 
of  a  Hypothetical  Instantaneous  Surge  Flow  at  Parachute  Creek  (18)  . 
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"A  question  which  addresses  itself  to  dam  failure  must  be 
answered  in  two  ways.    The  first  response  is  to  identify  the 
potential  modes  of  failure  and  to  describe  the  engineering 
standards  being  utilized  to  protect  the  structure  against  such 
failure  and  their  relationship  to  current  standards  of  engi- 
neering excellence  as  utilized  by  federal  and  state  agencies. 
The  second  response  is  to  ignore  the  highly  remote  pos- 
sibility that  a  failure  will  occur  and  to  evaluate  the  hypo- 
thetical question  of  what  happens  downstream  from  the  dam 
if  a  'sudden  breaking1  would  occur. 

"A  response  to  the  former  is  set  forth  below.    The  latter  has 
required  a  computer  simulation  to  assist  in  the  establishment 
of  outflow  rating  curves  and  backwater  profiles,  determination 
of  the  initial  dam  break  hydrograph,  routing  of  the  flood  down 
the  valley  under  conditions  of  rapidly  varying  flow,  and 
preparation  of  flood  inundation  maps  of  the  affected  area. 

"Engineering  Standards 

"The  design  basis  generally  follows  procedures  promulgated 
by  the  Bureau  of  Reclamation  and  the"  Soil  Conservation  Service. 

"Both  are  agencies  of  the  United  States  who  have  been  instru- 
mental in  developing  much  of  the  modern  practice  utilized  in 
dam  design .    The  design  must  also  be  reviewed  by  the  State 
of  Colorado  Division  of  Water  Resources  and  approved  as  to 
safety.    We  anticipate  that  the  design  will  exceed  the  require- 
ments of  that  agency. 

"Modes  of  Failure 

"Experience  with  earth  and  rockfill  dams  indicated  that  failure 
would  occur  due  to  overtopping,  by  slope  failure,  by  foundation 
sliding,  or  by  piping.    Features  specifically  provided  in  design 
to  prevent  these  types  of  failures  are  discussed  below. 

"Overtopping 

"An  uncontrolled,  chute  type  spillway  will  be  provided  to  pass 
runoff  flows  not  impounded  behind  the  dam  at  Davis  Gulch.    This 
type  of  spillway  is  particularly  desirable  because  of  its  simplicity 
and  reliability.    The  spillway  will  provide  sufficient  capacity  to 
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pass  the  probable  maximum  flood  (PMF)  assuming  the  reservoir 
full  at  the  beginning  of  this  event.    This  is  the  most  conservative 
hydrologic  design  criteria  in  present  usage.    In  addition  to  pro- 
viding sufficient  capacity,  the  spillway  will  be  designed  to  be 
structurally  and  hydraulically  adequate  to  provide  long  term, 
reliable  service.    There  will  be  three  feet  of  freeboard  from  the 
peak  of  elevation  of  the  reservoir  during  the  PMF  to  the  crest 
of  the  dam  at  Davis  Gulch.    In  combination  with  the  chute  type 
spillway,  this  amount  of  freeboard  can  be  encroached  upon  to 
pass  a  flood  larger  than  the  PMF  without  overtopping.    Since  the 
reservoir  will  be  empty  for  about  75%  of  the  year,  particularly 
during  thunderstorm  seasons,  and  will  only  be  about  25%  full 
during  the  average  snow  melt  period,  the  design  is  particularly 
conservative. 

"At  Middle  Fork  an  uncontrolled  drop  inlet  spillway  is  provided 
at  an  intermediate  elevation.    The  dam  is  sized  to  retain  the  entire 
probable  maximum  flood  above  intermediate  spillway.    In  addition 
to  the  drop  inlet  spillway  and  the  ability  of  the  dam  to  store  the 
PMF ,  an  emergency  spillway  section  and  freeboard  will  be  pro- 
vided.   Thus,  there  is  capacity  to  store  or  pass  considerably 
greater  flows  than  the  PMF  . 

"It  is  very  unlikely  that  any  earth  or  rock  slides  will  occur  in 
the  reservoir  that  could  displace  enough  water  or  cause  waves 
to  overtop  the  dam .    Geologic  formations  are  horizontally  bedded 
and  are  quite  resistant  to  slope  movements.    A  careful  field 
reconnaissance  in  the  reservoir  area  has  been  performed  and 
no  evidence  of  either  past  sliding  or  potential  for  slope  insta- 
bility has  been  found.    The  generous  amount  of  freeboard 
between  spillway  crest  and  dam  crest  will  provide  sufficient 
capacity  to  accommodate  waves  or  water  displaced  if  any  slides 
into  the  reservoir  should  occur . 

"The  dams  are  located  in  an  area  of  low  seismic  activity.    The 
reservoirs  are  relatively  small,  and  it  is  very  unlikely  that 
seismic  movements  could  cause  waves  large  enough  to  exceed 
the  amount  of  freeboard  available.    The  possibility  of  ground 
displacement  either  lowering  the  elevation  of  the  dam  crest  or 
raising  the  elevation  of  the  reservoir  bottom  has  been  considered . 
No  evidence  that  such  an  event  is  likely  to  occur  has  been  found . 

"If  for  any  reason  the  dams  were  to  be  overtopped,  the  crests 
will  be  relatively  quite  resistant  to  the  possibility  of  erosion 
and  subsequent  lowering  of  the  dam  crest  elevation .    At  Davis 
Gulch  additional  resistance  to  erosion  is  available  since  the 
crest  will  be  substantially  wider  than  would  normally  be  con- 
sidered adequate  to  prevent  this  occurrence  because  of  the 
major  access  road  which  crosses  the  dam. 
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"Slope  Failure 

"Embankment  slopes  will  be  analyzed  for  every  critical  condition 
of  stability.    Stability  analyses  will  include  any  adverse  effects 
of  hydrostatic  water  pressures,  seepage  pressures  and  the 
effects  of  reasonably  possible  seismic  loadings.    Embankment 
material  properties  will  be  estimated  from  the  results  of  labora- 
tory tests,  field  observations,  and  experience  with  embankments 
constructured  with  similar  materials.    Slopes  will  be  designed 
using  recent  and  accepted  methods  of  analyses  and  design. 

"Extensive  internal  embankment  drainage  will  be  provided  to 
eliminate  adverse  porewater  pressures  in  the  downstream  shell 
of  the  dam.    Drainage  will  be  accomplished  by  a  chimney  drain 
placed  on  the  downstream  side  of  the  central  core,  a  horizontal 
drainage  blanket  under  the  downstream  shell,  and  a  system  of 
toe  drains  on  the  downstream  side. 

"Slope  failures  are  not  usually  considered  to  be  catastrophic  as 
might  be  other  types  of  failures.    Slope  failures  are  most  likely 
to  occur  during  construction  when  the  reservoir  is  empty. 
Slope  failures  that  have  occurred  with  water  in  the  reservoir 
have  not  usually  led  to  a  breach  in  the  dam.    At  Davis  Gulch 
the  greater  width  of  this  dam  will  provide  additional  resistance 
to  breaching  if  a  slope  failure  were  to  occur  with  water  in  the 
reservoir . 

"Foundation  Sliding 

"Failure  due  to  sliding  of  the  base  of  the  dam  has  been  con- 
sidered and  will  be  designed  against.    The  embankment  will 
bear  directly  against  a  rock  foundation.    Foundation  discon- 
tinuities critical  to  this  type  of  occurrence  are  horizontally 
oriented  joints  and  bedding  planes.    Horizontal  discontinuities 
at  the  damsite  are  clean,  without  any  filling  or  deposit  that 
would  decrease  the  angle  of  frictional  resistance. 

"Relief  wells  will  be  provided  to  intercept  seepage  flowing 
beneath  the  dam.    These  relief  wells  will  effectively  reduce 
hydrostatic  uplift  forces  which  may  develop  under  the  down- 
stream shell  of  the  dam.    The  cutoff  trench  beneath  the  core 
of  the  dam  will  serve  to  key  that  portion  of  the  dam  into  the 
foundation  and  serve  to  reduce  the  amount  of  seepage  through 
the  foundation . 

"Piping 

"Every  effort  will  be  made  to  eliminate  the  formation  of  concen- 
trated leaks  in  the  embankment.  Adequate  transition  or  filter 
zones  will  be  provided  to  protect  against  internal  erosion  should 
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such  leaks  occur.    Formation  of  concentration  leaks  in  the 
embankment  will  be  prevented  by  adequate  foundation  treat- 
ment, and  by  design  and  construction  techniques  to  prevent 
formation  of  differential  settlement  cracks . 

"The  contact  between  the  impervious  core  and  rock  foundation 
can  be  suitably  prepared  and  treated.    The  rock  foundation  is 
relatively  soft  and  can  be  shaped  to  remove  any  undesirable 
features  of  the  abutments  with  conventional  earthmoving 
equipment.    The  configuration  of  the  valley  is  such  that  core 
material  can  be  placed  against  abutments  with  effective  com- 
paction equipment. 

"The  outlet  line  will  be  entirely  founded  in  rock  and  concreted 
to  the  level  of  the  rock  contact.  This  will  eliminate  the  possi- 
bility of  inadequate  compaction  of  soil  around  the  outlet  line . 

"Core  material  will  be  placed  wet  of  optimum  to  insure  compaction 
against  foundation  and  abutments.    Compaction  wet  of  optimum 
will  also  serve  to  provide  greater  resistance  against  cracking 
caused  by  differential  settlement  strains . 

"Differential  settlements  caused  by  foundation  compression  will 
be  very  small.    The  embankment  will  bear  entirely  on  rock, 
with  no  zones  or  layers  of  compressible  foundation  materials. 
There  is  nothing  about  the  valley  configuration  that  would 
lead  to  unusual  differential  settlements  or  adverse  stress  con- 
centrations . 

"The  relative  compressibility  of  core  and  shell  material  should 
not  cause  any  problems  of  cracking  caused  by  load  transfer . 
This  is  helped  by  the  use  of  a  wide  central  core.    There  will 
not  be  a  closure  section. 

"The  possibility  of  seepage  waters  removing  fine  material  from 
cracks  or  discontinuities  will  be  eliminated .    Water  flowing 
through  the  embankment  will  be  discharged  safely  into  a 
protective  filter  of  cohesionless  material.    Seepage  water 
collected  in  the  chimney  drain  will  be  removed  through  the 
horizontal  drainage  blanket  and  discharged  into  the  drains. 
Filter  materials  will  be  cohesionless  so  that  cracks  will  not 
stand  open  in  filter  layers." 


Assuming  that  the  above  criteria  is  used  in  construction  of  the  Davis  Gulch 
and  Middle  Fork  dams,  sudden  and  complete  failure  is  very  unlikely. 
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The  following  discussion  is  a  worst  case  analysis  if  such  an  event  occurred 
simultaneously  for  both  dams  and  for  a  single  dam. 

PARACHUTE  CREEK 

CH2M  Hill,  Inc. ,  a  consultant  for  Colony,  completed  a  study  on  hydraulic  analy- 
sis of  a  hypothetical  instantaneous  surge  flow  at  Parachute  Creek  resulting  in 
both  dams  completely  failing  simultaneously. 

Hydrographs  were  computed  for  80  sections,  shown  in  the  inundation  map, 
Figures  IV-10  and  IV-11,  by  aU.S.  Army  Corps  of  Engineers  computer  pro- 
gram entitled  "Hydrograph  Combining  and  Routing"  .    This  program  uses  the 
Modified  Plus  Method  of  stream  routing  to  compute  hydrographs  at  each  section. 

The  initial  dam  break  flow  was  estimated  by  using  the  method  described  by  the 
Los  Angeles  County  Flood  Control  District  (Hydraulics  Division)  paper  entitled 
"Procedure  for  the  Determination  of  Inundation  Maps  Showing  Areas  of  Potential 
Flooding  in  the  Event  of  Sudden  and  Total  Failure  of  Any  Dam"    (18)  .    Briefly, 
the  hydrograph  peak  is  computed  from  an  equation  that  is  a  function  of  the  size 
of  the  dam  breach.    The  hydrograph  is  assumed  to  be  an  isosceles  triangle  with 
maximum  flow  quantity  at  the  apex  and  the  area  under  the  hydrograph  equal  to 
the  reservoir  volume.    The  hydrographs  for  both  dams  were  almost  identical, 
so  the  same  hydrograph  was  used  for  both  dams  to  simplify  the  analysis.    The 
peak  flow  rate  was  603,000  cfs  with  a  4-minute  time  base.    The  breach  dimen- 
sions were  chosen  to  represent  instantaneous  and  complete  dam  failure. 

The  following  is  a  summary  of  CH2M  Hill's  findings.    Combined,  both  dams 
would  impound  a  total  of  2,750  acre-feet  during  a  probable  maximum  flood  of 
an  estimated  20,500  cfs  peak  flow  for  both  Davis  Gulch  and  Middle  Fork 
drainages  ( 18)  . 

As  previously  mentioned,  the  location  of  each  section  along  Parachute  Creek 
is  shown  in  Figures  IV-10  and  IV-11.    Also  shown  on  these  figures  is  the 
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FIGURE  IV- 10 
INUNDATION  MAP,  MIDDLE  FORK  DAM  TO  SECTION  57   (18) 
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FIGURE  IV- 11 
INUNDATION  MAP   (CONTD)  FROM  SECTION  57  TO  SECTION  80  (18) 
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area  along  Parachute  Creek  that  could  be  inundated.    Figures  IV-12  and  IV- 13 
show  the  ground  and  water  surface  profiles  and  elevations  for  each  condition 
of  surge  flow  analyzed . 

Graphs  of  three  typical  hydrograph  shapes  are  shown  in  Figure  IV- 14.    The 
hydrographs  are  of  the  Middle  Fork  Dam  removal  at  three  different  elapsed 
times.    The  first  is  shortly  after  the  initial  release  of  water,  the  second  is  an 
average  hydrograph  shape  along  the  middle  section  of  Parachute  Creek,  and  the 
third  is  its  shape  as  it  nears  the  Colorado  River  nearly  an  hour  later . 

Figures  IV-15,  IV-16,  and  IV- 17  are  graphs  of  water  depth,  velocity,  and 
elapsed  time  of  the  peak  flows . 

For  the  surge  flow  from  Middle  Fork  Dam  only,  it  appears  that  about  7  dwellings 
and  15  utility  structures  could  be  inundated  between  the  dam  and  just  up-stream 
from  Grand  Valley.    For  this  same  reach  of  Parachute  Creek  and  for  the  flow  from 
both  dams,  an  additional  dwelling  and  4  utility  structures  could  possibly  be 
affected . 

A  major  portion  of  the  town  of  Grand  Valley  could  be  inundated  because  of  the 
flatness  of  its  terrain.    Depth  of  flow  varies  from  zero  to  an  average  of  about 
2.0  feet  for  the  single  dam  and  about  6.0  feet  for  both  dams.    Velocities 
through  town  average  about  1 . 1    feet  per  second  for  the  flow  from  a  single 
dam  and  about  2.7  feet  per  second  for  both  dams. 

The  total  flow  through  Grand  Valley  for  the  instantaneous  release  of  stored 
water  at  both  dam  sites  is  about  75,  000  cfs,  and  from  a  single  dam  is  20,  000  cfs, 
and  results  in  the  described  overbank  inundation.    A  flow  of  half  this  much, 
about  10,  000  cfs,  will  essentially  be  contained  within  the  banks  of  Parachute 
Creek  through  town  resulting  in  little  or  no  flooding.    Thus,  a  breaching  of 
one  of  the  dams,  under  what  could  be  considered  a  normal  failure  rather 
than  an  instantaneous  removal  of  the  structure,  would  likely  result  in  having 
little  affect  on  the  populated  section  of  Grand  Valley. 
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Elapsed  time  between  the  breaks  and  when  the  peak  flood  flow  would  reach 
Grand  Valley  is  about  57  minutes.    Increased  creek  flow  would  be  noticed 
in  about  27  minutes.    Elapsed  time  figures  for  a  single  dam  failure  are  65 
minutes  and  35  minutes,  respectively. 

In  the  first  6-miles  below  the  dams  to  Section  54,  failure  of  both  dams 
would  cause  a  peak  flow  of  300,000  cfs  and  140,000  cfs  for  a  single  dam  failure. 
Water  velocities  at  Section  32  would  be  over  100  feet  per  second  at  depths  up 
to  60  feet.    Velocities  and  flood  depths  downstream  of  Section  32  decrease  con- 
siderably because  of  decreases  in  stream  gradient  and  increased  valley 
widths. 

Surge  flow  from  both  dams  would  flood  8  dwellings  and  19  utility  structures 
excluding  the  town  of  Grand  Valley.    A  single  dam  failure  would  inundate 
7  existing  dwellings  and  15  utility  structures  and  any  new  dwelling  and  utility 
structures  constructed  between  now  and  whenever  the  hypothetical  event 
occurred .    Damage  and  destruction  to  property  that  would  occur  would  be 
similar  to  that  caused  by  flash  flooding  of  the  same  magnitude  anywhere. 

Unless  enough  advanced  warning  is  given  to  residences  in  the  town,  loss  of 
life  could  occur.    Approximately  30  minutes  after  increased  flow  starts,  maxi- 
mum flow  occurs  in  the  vicinity  of  the  town  of  Grand  Valley. 

With  such  magnitude  and  velocities  associated  with  an  assumed  instantaneous 
release,  damage  in  the  form  of  erosion  would  be  extensive  in  the  upper  portion 
of  Parachute  Creek.    When  the  flood  wave  reached  areas  of  lower  stream  gradient 
(below  Section  120+00)  ,  erosion  would  be  less  and  deposition  of  the  eroded 
material  would  begin  and  continue  all  the  way  to  the  Colorado  River . 

Much  of  Parachute  Creek's  aquatic  habitat,  along  with  the  aquatic  life,  would 
be  disturbed  or  destroyed.    Most  of  the  fish  would  be  swept  to  the  Colorado 
River  or  left  in  pools  after  the  water  receded . 
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The  previously  discussed  impacts  on  water  quality  will  eventually  cause  a 
reduction  of  water  quality  in  the  Colorado  River  as  all  the  watersheds  impacted 
by  the  proposed  action  drain  into  it.    To  the  extent  that  the  proposed 
action  alters  water  quality  in  tributaries  (Davis  Gulch,  Middle  Fork,  Parachute 
Creek)  ,  it  could  potentially  affect  the  entire  mainstream  of  the  river  below 
Grand  Valley.    In  addition,  the  river  will  be  directly  impacted  in  the  vicinity 
of  the  Grand  Valley  water  diversion  facilities  and  the  site  of  the  pipeline 
crossing  near  Moab,  Utah. 

The  impacts  on  water  quality  occurring  in  the  tributaries  will  not  be  repeated 
in  detail  in  this  section,  but  briefly  summarized  as  to  their  potential  effect 
on  the  river .    Direct  impacts  not  previously  analyzed  will  be  discussed  and 
analyzed  in  as  much  detail  as  present  data  allows.    Any  change  in  water  qual- 
ity has  the  potential  of  impacting  aquatic  life  and  vegetation  in  and  along  the 
river .    These  impacts  are  discussed  in  future  sections  of  this  chapter  under 
fish  and  wildlife  and  vegetation . 

Any  increase  in  sediment  load  and  T.D.S.  levels  as  a  result  of  proposed 
project  activities  in  or  along  the  tributaries  will  eventually  cause  some  change 
in  water  quality  level.    The  amount  of  change  is  indeterminable  at  this  time. 
Failure  of  the  Davis  Gulch  Dam,  especially  if  full,  would  cause  a  significant 
increase,  for  a  short  time  period,  of:     sediment  loads,  T.D.S.  concentrations 
(metallic  and  non-metallic),  salinity,  alkalinity,  turbidity,  temperature  levels, 
and  dissolved  solid  concentrations  in  the  Colorado  River. 

Construction  of  the  proposed  water  intake  structures  will  temporarily  increase 
sediment  load  and  T.D.S.  concentration  levels .    The  magnitude  of  this  increase 
will  depend  on  time  of  year  and  river  flow .    Pump  station  construction  will 
result  in  disturbance  on  approximately  10  acres.    The  decrease  in  water 
quality  from  this  construction  is  unknown . 
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Increased  sediment  levels  and  T.D.S.  anticipated  in  the  existing  Colorado 
River  channel  and  local  currents  resulting  from  the  modification  of  the  shore- 
line and  river  bottom  at  the  site  for  the  pipeline  crossing  will  be  temporary . 
The  bank  on  the  north  side  of  the  river  at  the  crossing  site  has  already  been 
substantially  altered  by  levee  construction.    Temporary  increases  in 
sediment  levels  and  turbidity  will  occur  during  the  construction  and  removal 
of  cofferdams  around  the  pipeline  right-of-way  during  construction  of  the 
pipeline  across  the  Colorado  River .    Some  scouring  of  the  river  bottom  may 
also  occur  as  a  result  of  the  temporary  increase  of  water  volume  on  each  side 
of  the  island  while  the  cofferdam  is  in  use  on  the  opposite  side.    Scouring 
action  will  also  increase  sediment  levels  and  turbidity  downstream.    These 
increased  levels  will  return  to  normal  within  a  few  days  after  completion  of 
construction . 

Increased  sediment  loads  and  T.D.S.  levels  are  anticipated  as  a  result  of  con- 
struction activities  for  developing  roads  and  service  structures  in  support  of 
a  projected  4, 100  population  increase.    As  the  exact  settlement  pattern 
is  unknown,  the  location  of  potential  water  quality  impacts  cannot  be  determined 
at  this  time.    An  increase  in  treated  and  untreated  sewage  effluents  into  the 
river  can  be  expected  from  the  increased  population .    Due  to  unknowns ,  this 
impact  cannot  be  quantified  at  this  time. 

Based  on  a  rather  simplistic  set  of  assumptions,  estimates  have  been  made  that 
the  maximum  potential  increase  in  T  .D.S  .  levels  at  Hoover  Dam  which  would 
result  from  the  proposed  project  (based  on  a  total  diversion  of  10  cfs)  would 
be  0. 12  mg/1,  or  less  than  0.02  percent  of  the  current  mean  annual  average  at 
Hoover  Dam  (2)  .    A  diversion  of  12.5  cfs  would  slightly  increase  the  T  .D.S . 
level . 

COLORADO  RIVER  SUMMARY 

Since  the  Colorado  River  is  of  vital  importance  to  many  people,  a  complete 
summary  of  all  impacts  on  the  river  are  presented  here. 
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All  of  the  proposed  actions  will  result  in  lower  water  quality  in  the  river. 
Lower  water  quality  is  measured  as  increases  in  sedimentation,  T.D.S. , 
water  temperature,  metallic  and  non-metallic  concentrations,  and  a  decrease 
in  oxygen  content.    Many  of  the  following  impacts  will  be  analyzed  in  other 
sections  of  this  Chapter  . 

Actions  which  will  affect  the  water  quality  of  the  Colorado  River  are  as 
follows: 

-  Disturbance  of  4, 100  acres  of  soil . 

-  Disturbance  of  3,700  acres  of  vegetation. 

-  Disturbance  of  337  acres  of  soil  and  vegetation  due  to  land  exchange. 

-  Changes  in  surface  flows  due  to  1,217  acres  of  topographic  changes. 

-  Changes  in  flows  of  Parachute  Creek  due  to  construction  of  Davis 
and  Middle  Fork  dams. 

-  Twenty  percent  realignment  change  in  Parachute  Creek. 

-  Changes  in  flow  patterns  due  to  4, 100  acres  of  disturbance,  facilities, 
and  impermeable  surfaces. 

-  Dewatering  of  the  mine  could  prevent  420  acre  feet  of  water  from 
reaching  the  river  annually. 

-  Wells  will  deplete  the  annual  flow  into  the  river . 

-  Releases  from  Green  Mountain  Reservoir. 

-  Aquifers  will  be  interrupted  due  to  the  mining  process. 

-  Mine  dewatering  will  lower  flows  into  the  river. 

-  A  redistribution  of  the  recharge  into  the  area's  groundwater  system 
will  affect  flows  into  the  river . 

-  Dam  failure  of  both  Davis  and  Middle  Fork  dams  could  have  a  devastating 
effect  on  the  river  due  to  a  surge  flow  of  75,000  cf s . 

-  Discharge  of  water  containing  about  400  ppm  of  T.D.S  .  from  the  spill- 
way of  Davis  dam  could  pollute  Parachute  Creek. 

-  Mine  subsidence  would  alter  aquifers  and  resulting  surface  flows. 

-  Possible  mining  of  110,000  cubic  yards  of  gravel  that  will  be  necessary 
to  build  the  plant  would  have  a  very  high  effect  on  the  river.    Depending 
on  amount,  location,  and  method  of  removal,  the  disruption  could  vary 
from  negligible  to  destruction  of  river  habitat  and  wildlife. 
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-  Spills  of  various  contaminants  could  vary  from  negligible  to  total  sterili- 
zation of  a  portion  of  the  river . 

-  The  water  intake  facilities  could  have  a  severe  effect  on  fish  and  other 
aquatic  live. 

-  Air  pollution  effects  on  the  area's  vegetation  could  result  in  loss  of 
vegetation  which  results  in  increased  sedimentation  and  T  .D.S. 

-  The  new  town  will  disturb  from  315  to  1,268  acres  which  will  change 
surface  flow  patterns,  water  quality,  etc. 

-  Pollution  from  the  induced  population  will  degrade  the  water  quality 
of  the  river . 

-  Increased  vehicle  use  on  unimproved  roads  will  create  increased 
sedimentation  and  T  .D  .S  . 

-  Increased  recreation  on  the  river  could  decrease  the  water  quality . 
Vegetation,  soils,  and  wildlife  will  be  affected  and  will  result  in 
increased  sedimentation  and  T  .D.S  . 

-  The  induced  population  will  force  wildlife  to  seek  new  habitat.    This 

will  create  increased  use  on  presently  heavily  used  areas.    The  end  result 
will  be  increased  sedimentation  and  T.D.S.  entering  the  river. 

CONCLUSION 

The  overall  effect  on  Colorado  River  water  quality  of  all  the  foregoing  influences 
will  be  to  cause  a  trend  in  water  quality  degradation  over  both  the  short-term 
and  the  long-term.    The  amount  can  not  be  estimated.    The  largest  hazard  is 
long-term  and  will  come  from  the  spent  shale  piles  and  toxic  wastes  to  be  buried 
in  them .    The  salinity  of  the  Colorado  River  at  Hoover  Dam  is  predicted  to  increase 
about  0.02  percent  as  a  result  of  the  project-water  consumption  of  12.5  cfs. 
Withdrawal  of  water  from  Green  Mountain  Reservoir  could  possibly  cause  some 
interference  with  power  generation  as  the  result  of  reduced  head .    At  a 
maximum  release  of  7,200  acre-feet  annually,  a  drawdown  of  about  8  feet  below 
normal  levels  is  anticipated.    Normal  flow  in  Parachute  Creek  will  decrease  by 
about  2 . 5  percent  as  a  result  of  construction  of  the  Davis  Gulch  catchment  dam; 
however,  this  will  be  replaced  by  releases  from  the  Colorado  River  water  pipeline. 
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Sediment  load  levels,  T.D.S.,  and  increased  runoff  concentrations' will  be  at 
their  highest  levels  during  active  construction.    These  levels  will  diminish 
considerably  after  construction.    Natural  and  planned  revegetation  will  lessen 
the  amounts  even  more  after  one  or  two  growing  seasons.    Sediment  levels, 
T.D.S.,  and  runoff  concentrations  will  probably  never  reach  p reconstruction 
levels  since  artificial  surfaces  will  tend  to  produce  increases  of  these  levels . 

How  much  these  levels  will  increase  is  not  quantifiable,  but  are  expected  to  be 
considerable  at  stream  construction  sites,  especially  at  the  water  intake  struc- 
ture and  shale  oil  pipeline  crossing  on  the  Colorado  River.    Increased  sediment 
load  levels  and  T.D.S.  concentration  could  increase  turbidity,  change  water 
temperature,  alkalinity,  and  available  oxygen  content.    Degradation  of  water 
quality  by  these  elements  will  have  adverse  effects  on  aquatic  life.    These 
effects  are  discussed  in  the  wildlife  and  vegetation  sections. 

There  will  be  some  increase  in  water  runoff  rates  as  a  result  of  establishing 
more  or  less  permanent  structures  such  as  buildings,  roads,  and  parking 
lots.    Increased  runoff  will  increase  erosion,  resulting  in  increased  sediment 
load  levels  and  dissolved  solid  concentrations .    These  effects  will  be  some- 
what the  same  as  described  in  the  preceding  paragraph.    However,  they  will 
not  be  as  intense  at  any  particular  time.    Again,  these  effects  are  not  quanti- 
fiable and  the  aggregate  and  cumulative  effects  over  the  life  of  the  structures 
are  not  known. 

The  potential  for  leaks,  breaks,  and  spills  of  oil  and  oil-related  products  will 
exist  for  the  lifetime  of  the  oil  shale  complex.    Oil  tends  to  spread  over  the 
surface  and  adhere  to  floating  debris .    Flowing  streams  will  carry  the  oil 
downstream,  spreading  its  effects.    Spills  or  leaks  in  water  bodies  such  as 
streams  and  springs  will  also  act  as  transporting  media,  making  the  spilled 
material  available  to  aquatic  life . 
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Cleanup  activities  after  an  oil  spill  will  result  in  similar  impacts  as  those 
described  from  construction  activities . 

Groundwater  quality  would  be  reduced  by:    consumption  of  groundwater, 
mining  activity,  and  the  reservoir  created  by  the  Davis  Gulch  catchment  dam 
on  the  Dow  West  property.    Mining  under  4,000  acres  on  the  Dow  West 
property  will  allow  water  to  enter  the  mine  through  seeps  from  fractures,  thus 
reducing  communications  between  aquifers  above  and  below  the  proposed  mine 
section .    Wells  and  mining  activity  will  likely  dry  up  springs  in  Davis  Gulch 
and  the  Middle  Fork  of  Parachute  Creek,  reducing  normal  creek  flow.    Subsidence 
would  cause  major  disruption  and  permanent  alteration  of  subsurface  water 
movements  above  the  mine  and  also  would  probably  eliminate  some  of  the 
springs  in  Davis  Gulch  and  the  Middle  Fork  of  Parachute  Creek.    The  effect  on 
the  Colorado  River  will  be  to  increase  salinity . 

The  most  significant  long-term  hazard  to  water  quality  is  represented  by  the 
large  quantities  of  spent  shale,  dissolvable  solids,  heavy  metals,  and  other 
waste  products  to  be  disposed  of  in  Davis  Gulch.    Ultimately  the  catchment  dam 
will  be  overtopped,  removed,  or  otherwise  cease  to  function  as  a  barrier  to 
surface  runnoff  from  Davis  Gulch.    Sudden  degradation  of  water  quality  in 
Parachute  Creek  and  the  Colorado  River  will  occur.    Since  spent  shale  embank- 
ments will  be  virtually  impervious,  practically  all  precipitation  on  them  will 
run  off.    Accelerated  erosion  of  the  spent  shale  embankments,  with  accompanying 
sedimentation  downslope  or  downstream,  will  occur.    Geologic  erosion  of  the 
spent  shale  embankments  is  inevitable.    Water  quality  will  be  lowered  in 
Parachute  Creek,  and  in  the  Colorado  River.    Toxic  wastes  will  enter  the  Colorado 
River  system  cumulatively  and  expose  fish  and  human  populations  to  health  hazards 

SOILS 

The  impacts  on  soils  will  be  structural  disturbance  through  mixing,  compaction, 
sterilization  in  the  event  of  toxic  spills,  displacement  and  burial  as  a  result  of 
construction,  increased  erosion,  and  vegetation  disturbance.    Disturbing  the 
soil  structure  disturbs  the  distribution  of  microorganisms,  minerals,  and 
nutrients,  which  alter  the  soil's  vegetative  growth  potential. 
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Disturbances  to  soils  will  be  caused  by  construction  of  the  194-mile  pipeline 
between  the  oil  shale  complex  on  the  Roan  Plateau  and  Lisbon  Valley,  Utah; 
the  site  preparation  and  permanent  foundation  work  at  sites  for  the  retorting 
complex,  processed  shale  disposal  area,  catchment  dams,  and  water  diversion 
structures;  mine  bench;  access  roads;  Parachute  Creek  service  corridor; 
staging  area;   railroad  spur;  powerline  corridors;   structures  for  induced 
population;  the  Grand  Valley  terminal  railroad  spur,  water  intake  and  pump 
station;  and  the  administration  building. 

The  acreage  to  be  utilized  for  the  plant  complex,  pipeline  corridors,  and 
Grand  Valley  facilities  is  shown  in  Table  IV-14.    This  table  shows  that  approx- 
imately 4, 100  acres  of  land  will  be  disturbed  by  surface  utilization.    The 
degree  of  soil  productivity  that  will  be  reduced  or  removed  is  a  product  of 
this  surface  utilization . 

SHALE  OIL  PIPELINE  CORRIDOR 

Construction  of  the  pipeline  will  result  in  the  disturbance  of  the  right-of-way, 
a  section  194  miles  long  by  50  feet  wide  (approximately  1, 175  acres) ,  to 
provide  access  and  operation  of  pipe-laying  equipment.    This  action  in  itself 
exposes  the  soil  surface  to  the  erosion  forces  of  wind  and  water  by  clearing 
of  vegetation  prior  to  digging  the  pipe  trench.    A  ditch  40  inches  wide  by  56 
inches  deep  within  the  right-of-way  will  be  required  for  burial  of  the  pipe  (19)  . 

Excavation,  stockpiling,  and  replacement  will  cause  mixing,  structural  change, 
and  reduced  capacity  for  water  intake,  all  of  which  will  reduce  productivity. 
Figures  III- 12a  and  12b  show  the  soil  types  and  their  locations  along  the 
proposed  right-of-way. 

During  the  construction  phase,  vehicle  use  over  dry  soils  will  pulverize  the 
surface,  making  it  more  susceptible  to  wind  and  water  erosion.    Similar 
traffic  over  wet  soils  causes  severe  compaction  and  rutting.    Successive 
trips,  normal  in  pipeline  construction,  compound  the  problem  in  either  case. 
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TABLE  IV-14 
SURFACE  LAND  UTILIZATION* 


USE 


ACREAGE 


PLANT  LIFE  PRODUCTIVITY 
REDUCED     REMOVED 


Roads  and  Conveyor  Route 

Valley  Access  Road* 

Mine  Access  Road 

Plant  Access  Road 

Conveyor  Routes 

Administration  Building  Access  Road 

Colo.  River  Pump  Station  Access  Road 

In-Plant  Roads 

Mine 

Bench 

Flood  Control  Dam 

Mine  Portal  Adits 

Ventilation  Adits 


95 

50 

100 

70  to 

5 

10 
15 


80 


6 
36 

7  30'  x  30' 
openings 

5  30'  x  50' 
openings 


Plant  Site 

Retorting  &  Upgrading  Facility 
Ore  Storage 

Processed  Shale 

Embankment 

Dam  &  Diversion  Structures 

Off-Site  Facilities    (Grand  Valley  Area) 

Terminal 
Railroad  Spur 

Colorado  River  Pump  Stations 
Administration  Building 
194-Mile  Pipeline 
Lisbon  Terminal 

Parachute  Creek  Service  Corridor 
(water  line,   ammonia  line,    LPG 
telephone  duct) 
Powerline  Construction 


Induced  Population  of  4,000 

Total 
*Modified  from  reference    (2) 


160 
15 


800 
72 


4,085 


200 


2,196 


95 

50 

100 

80 

5 
10 
15 


6 
36 

X 


X 


160 
15 


600 
72 


75 

75 

5 

5 

10 

10 

5 

5 

1,175 

1,175 

20 

20 

21 

21 

950 

800 

150 

380 

380 

1,889 
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Most  of  the  construction  is  planned  during  the  summer  when  soils  are  the 
driest,  and  during  the  season  of  frequent  high  intensity  thunderstorms, 
accompanied  by  high  winds  and  heavy  rainfall.    This  combination  could  pro- 
duce severe  wind  and  water  erosion  along  the  pipeline  route  during  construction 

Construction  activities  along  the  Roan  Plateau  will  disturb  about  40  miles 
(233  acres)  of  soils  characteristically  shallow-to-deep,  dark-colored,  and 
generally  loamy  in  texture.    Soils  along  the  ridgetops  are  normally  shallow 
and  are  loamy-textured,  with  shale  chips  scattered  throughout  the  soil 
profile  (Figure  III-12a)  . 

Erosion  potential  on  the  Roan  Plateau  is  greater  than  any  other  section  along 
the  proposed  pipeline  corridor.    Precipitation  averages  20  inches  annually 
in  the  form  of  snow  during  the  winter  and  convective  thunderstorms  during 
the  summer.    The  topography  of  the  watershed  is  such  that  high  runoff  rates 
can  be  expected.    Disturbance  of  the  soil  and  the  vegetative  cover  could 
cause  an  increase  in  runoff  rates,  inducing  greater  erosion  rates,  resulting 
in  soil  loss  and  increased  sediment  load  and  T.D.S.  levels.    The  prob- 
ability of  construction  activities  occurring  during  high  precipitation  runoff 
events  is  relatively  high. 

From  the  Moab  Airport  to  the  head  of  Corral  Canyon,  the  proposed  right-of- 
way  distance  of  about  50  miles   (307  acres  of  shallow,  fine-textured,  saline 
soils)  will  be  disturbed  during  construction  activities.    Construction  during 
sustained  wet  periods,  especially  during  the  winter  season,  would  cause 
greater  compaction  and  increased  runoff  rates,  inducing  greater  erosion  sedi- 
ment loads  and  T.D.S.  levels  than  during  dry  periods. 

From  a  few  miles  south  of  the  Moab  Airport  to  the  Lisbon  Terminal,  a  dis- 
tance of  about  55  miles  (330  acres  of  shallow  to  deep,  fine  to  moderately  coarse- 
textured,  light  colored,  sandstone-derived  soils)  will  be  disturbed  by  pipe- 
line construction  activities . 

Construction  through  slopes  and  cuts  will  cause  increased  runoff  rates, 
resulting  in  increased  sediment  loads  and  erosion. 

Erosion  rates  could  be  increased  due  to  oil  spill  cleanup  activities.    If 

access  roads  are  built  to  a  spill  site  soils  will  be  displaced,  buried,  and 

their  productivity  lowered . 
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PARACHUTE  CREEK 

Construction  of  LPG,  ammonia  and  water  pipelines,  and  the  telecommunications 
conduit  proposed  in  the  Parachute  Creek  service  corridor,  will  involve  the 
disturbing  of  about  20  acres  of  soil  along  with  an  estimated  60  to  175  acres 
of  land  that  may  be  needed  for  upgrading  and  realignment  of  the  existing 
Parachute  Creek  road   (20)  .    Indications  from  Colony  are  that  the  pipelines 
and  phone  duct  will  be  constructed  in  a  12-foot  service  corridor  adjacent  to 
the  road.    Exact  alignment,  construction  specifications,  and  procedures  for 
the  service  corridor  and  road  have  not  been  defined . 

Space  limitation  due  to  landform  configuration  in  the  upper  reaches  of  the 
canyon  dictate  that  the  buried  facilities  be  in  close  proximity  to  the  creek  if 
not  installed  in  the  road  right-of-way. 

Impacts  on  soils  for  the  buried  pipelines  and  phone  duct  will  be  similar  to 
those  described  under  the  shale  oil  pipeline.    Changes  in  the  road  alignment 
will  bury  the  soils  in  these  areas. 

DOW  WEST  PROPERTY 

Over  800  acres  of  land  will  be  covered  by  disposal  of  processed  shale  and  the 
Davis  Gulch  catchment  dam.    Topsoil,  typically  a  mixture  of  clay,  silt  and 
gravel,  will  be  removed  and  stockpiled  from  about  200  acres,  and  later  placed 
on  the  surface  of  the  shale  pile,  to  a  6-inch  depth.    The  soils  on  the  remaining 
600  acres  will  be  buried  and  lost  to  productivity  permanently   (2)  .    The  effects 
of  excavating,  stockpiling,  and  redistribution  of  those  soils  will  decrease  their 
densities  and  water-holding  capacity,  change  the  microorganism  populations, 
and  possibly  change  the  organic  nutrients.    How  much  the  above  items  will  be 
affected  is  unknown.    However,  these  soils'  capacity  for  regrowth  will  be 
altered  and  in  all  probability,  diminished. 


PV-105 


SOILS 


Colony  is  not  committed  to  covering  the  processed  shale  with  topsoil .    When 
excavation  is  necessary  for  construction  of  other  on-site  facilities  such  as 
the  plant,  dams,  etc.,  as  much  topsoil  as  possible  will  be  removed  and  stock- 
piled on  the  processed  shale  embankment  for  future  utilization  on  areas  with 
poor  soil  conditions  (2)  .    Some  additional  processed  shale  embankment  areas 
could  be  covered  from  those  sources.    A  rough  estimate  of  between  300,  000 
and  400,  000  additional  cubic  yards  of  topsoil  would  be  needed  to  cover  the 
remaining  400  to  600  acres  of  processed  shale  embankment  surface.    Another 
source  for  topsoil  would  be  to  borrow  it  from  other  areas.    Using  a  liberal  estimate 
of  a  7-inch  thickness  (weighted  average)  for  the  remaining  3,  000  acres  of 
surface  on  the  Dow  West  property  available  for  topsoil  removal,  between  320 
and  425  acres  of  land  would  be  required  for  borrow  areas.    It  is  doubtful 
that  up  to  425  acres  of  topsoil  would  be  removed  from  a  vegetated  area  in 
order  to  revegetate  the  processed  shale  embankment.    Removing  topsoil  and 
the  existing  vegetation  would  create  many  of  the  same  problems  that  would 
exist  on  an  unvegetated  shale  embankment,  such  as  erosion  and  increased 
runoff . 

Unless  another  source  for  topsoil  can  be  found,  it  is  likely  that  one  of  the 
alternate  plans  for  processed  shale  disposal  and  the  related  impacts  are  discussed 
in  Chapter  IX  of  this  EIS  . 

Additional  acreages  will  be  disturbed  by  the  construction  of  the  mine  bench 
(6  acres)  ,  flood  control  dams  including  the  storage  area  (36  acres)  ,  mine 
and  plant  access  roads  (150  acres)  ,  and  conveyor  routes  (70  to  80  acres)  . 
Permanent  structures  such  as  the  roads,  dams,  and  conveyor  will  cover 
the  soils  and  will  prevent  vegetative  growth  for  at  least  the  life  expectancy 
of  the  plant.    Some  loss  of  potential  vegetation  productivity  will  result  from 
structural  disturbance  and  about  270  acres  of  vegetation  productivity  will  be 
completely  lost  as  a  result  of  being  covered  by  structures.    Increased  runoff 
will  increase  erosion  which  will  also  add  to  the  loss  of  vegetation  growth 
potential . 
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About  175  acres  of  land  will  be  utilized  for  the  retorting,  upgrading,  and 
stockpiling  of  raw  shale.    Much  of  the  soils  will  be  buried  or  covered  by  the 
plant  complex  facilities.    A  loss  of  vegetative  production  will  occur  for  as  long 
as  these  structures  remain  in  place.    Upon  termination  of  the  use  of  these  facil- 
ities and  their  possible  removal,  the  effects  of  construction  activities,  primarily 
compaction  and  mixing  of  the  soils,  will  decrease  their  water-holding  capacity, 
microorganisms  population,  organic  nutrients,  and  redistribution  of  the  min- 
eral concentration.    These  impacts,  in  turn,  will  lessen  vegetative  regrowth 
rates.    The  uncovering  of  these  soils  will  make  them  more  susceptible  to  water 
and  wind  erosion  and  vulnerable  to  temperature  change  until  revegetation  is 
effective.    Increased  sediment  and  T.D.S.  levels  could  reach  tributaries  of 
Parachute  Creek  and  possibly  the  Colorado  River. 

LAND  EXCHANGE 

There  is  a  potential  for  soil  loss,  burial,  or  erosion  on  337.35  acres  of  land 
involved  in  the  proposed  land  exchange.    The  selected  lands  in  Sections  1, 
T.  5  S.,  R.  96  W.    (Figure  11-37)  ,  would  probably  be  subjected  to  burial  by 
the  processed  shale  pile.    This  amounts  to  7.5  acres.    The  selected  lands 
in  Sections  11, and  14,  T.  5S . ,  R.  96W.,  Sections  6,7,18,  T.  5S . ,  R.  95W, 
are  subject  to  other  type  developments. 

GRAND  VALLEY  FACILITIES 

Soils  will  be  buried  by  construction  of  the  terminal  (75  acres)  ,  railroad  spur 
(5  acres) ,  Colorado  River  pump  stations   (10  acres)  ,  and  the  administration 
building   (5  acres)  .    Soils  under  and  in  the  vicinity  of  these  structures  will  be 
unproductive  (95  acres)  for  the  life  of  the  structures.    Removal  of  these   ' 
structures  will  have  essentially  the  same  effects  as  will  the  removal  of  the 
retorting/upgrading  complex  structures. 

INDUCED  POPULATION 

An  additional  380  acres  of  lands  will  be  utilized  for  residential  construction. 
Some  soils  will  be  removed,  redistributed,  and  buried  as  a  result  of  con- 
struction for  dwellings.    Impacts  on  these  soils  will  be  essentially  the  same 

IV-107 


SOILS 


as  on  other  soils  disturbed  by  construction  of  structures.    The  possibility 
exists  for  the  creation  of  new  trails  from  off-road  vehicle  use.    It  is  almost 
certain  that  use  of  existing  trails  and  areas  not  currently  being  used  by  this 
type  of  activity  will  increase.    Effects  on  soils  will  be  mostly  from  compaction 
and  decreased  vegetative  cover .    Increased  erosion  resulting  in  increased 
sediment  loads  and  T.D.S.  levels  is  expected. 

PQWERLINE  CORRIDORS 

Potential  for  impacts  on  soils  along  the  proposed  powerline  routes  varies, 
depending  on  actual  routes  selected.    Figure  II- 3  shows  4  possible  routes 
that  have  been  studied  by  the  Public  Service  Company  of  Colorado  (21 )  . 
Three  additional  routes  are  examined  in  Chapter  IX.    General  effects  of 
powerline  construction  on  soils  are  examined.    Included  are  two  routes  for 
separate  230,  000-volt  transmission  lines,  disturbing,  in  varying  degrees, 
a  maximum  of  950  acres  plus  7  acres  for  the  extension  of  the  69,  000-volt 
line  from  Colony's  existing  facilities  to  the  proposed  plant  site,  an  unknown 
acreage  to  provide  electric  facilities  to  supply  the  main  and  booster  water 
pump  stations,  and  5  acres  for  a  substation   (21)  . 

Effects  on  soils  will  result  from  clearing  of  a  150-foot  right-of-way  and  con- 
struction of  pads  for  towers  -  about  2.7  acres  per  mile  -  for  a  230,  000-volt 
transmission  line.    For  accessible  portions  of  any  selected  corridor,  compac- 
tion of  the  route  will  result  from  movement  of  a  variety  of  heavy  duty  trucks 
and  tracked  equipment,  cars,  and  pickup  trucks.    Increased  runoff  rates 
resulting  in  increases  in  erosion,  sediment  loads,  and  T.D.S.  concentration 
will  occur,  especially  on  slopes  and  the  heavier  traveled  portions  of  the 
right-of-way.    Excavation  of  the  tower  pad  foundations  will  mix  and  redis- 
tribute microorganisms,  minerals  and  nutrients  on  an  estimated  125  acres. 
All  the  above  mentioned  effects  on  soils  will  probably  alter  or  reduce  their 
productivity  potential.    An  additional  5  acres  of  soil  will  be  disturbed  by  con- 
struction activities  for  the  substation.    There  will  probably  be  little  vegetation 
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within  the  framework  of  the  substation  for  as  long  as  the  structure  exists. 
Lesser  disturbance  to  soils  will  result  from  construction  of  powerlines  to  the 
main  and  booster  water  pump  stations.    The  net  result  of  powerlines  construc- 
tion will  be  a  permanent  loss  of  150  acres  of  soil  from  productivity  and  altera- 
tion to  some  degree  of  soil  characteristics  on  200  acres. 

SUMMARY 

As  shown  in  Table  IV-14,  an  estimated  1,889  acres  of  soil  will  be  removed  from 
potential  vegetative  productivity  as  a  result  of  constructing  more  or  less  perma- 
nent structures  for  as  long  as  these  structures  remain  in  place.    Borrow  areas 
for  topsoil  to  be  placed  on  the  processed  shale  pile  have  not  been  identified  and 
it  is  not  certain  that  they  will  be  used  or  needed . 

Soil  potential  for  vegetation  growth  will  be  reduced  on  an  estimated  2, 196  acres 
of  land  as  a  result  of  soil  structure  disturbance  from  construction  activities. 
Removal  of  vegetation,  along  with  alteration  of  soil  structure,  will  increase 
runoff  rates,  resulting  in  increased  erosion,  sediment  loads,  T.D.S.,  redis- 
tribution of  microorganisms,  minerals,  nutrients,  and  wind  erosion.    There 
will  be  some  increase  in  the  sediment  and  T  .D  .S  .  levels  in  the  Colorado  River 
and  its  tributaries.    Some  increase  in  soil  compaction  will  probably  result  from 
increased  off-road  vehicle  use  from  the  induced  population. 

TOPOGRAPHY 

Topography  may  be  defined  as  the  relief  features  or  surface  configurations  of 
an  area.    For  the  sake  of  establishing  a  parameter  for  this  analysis,  the  only 
actions  which  will  be  analyzed  will  be  those  that  affect  relief  features  or  surface 
configuration  to  the  degree  that  they  would  appear  as  a  change  on  a  USGS, 
7.5  minute,  40-foot  contour  interval  map   (Figure  IV-18)  . 
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FIGURE  IV-18 
TOPOGRAPHIC  ALTERATIONS  ON  DOW  WEST  PROPERTY 
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Around  1,200  acres  (30  percent)  of  the  Dow  West  property  will  be  altered  by 
construction  of  the  facilities  needed  for  an  oil  shale  complex.    These  surface 
modifications  will  include  160  acres  of  leveling  on  the  Roan  Plateau  at 
Fugawee  Point  for  the  retorting  and  upgrading  units;   10  acres  of  benching 
adjacent  to  the  plant  complex  for  stockpiling  of  primary  crushed  shale;  a 
6-acre  mine  bench  in  the  canyon  of  the  Middle  Fork  of  Parachute  Creek;  and 
800  acres  in  Davis  Gulch  for  a  processed  shale  disposal  embankment.    An  addit- 
ional 40  acres  will  be  modified  by  the  construction  of  the  Davis  Gulch  and  Middle 
Fork  dams,  plus  diversion  structures.    Benching,  cutting,  and  filling  will  be 
necessary  on  165  acres  of  land  needed  for  the  main  and  on-site  access  roads. 

Construction  of  the  retorting  and  upgrading  processing  plant  facilities  will 
modify  the  existing  landforms  on  160  acres.    Because  of  the  uneven  topog- 
raphy, the  proposed  plant  site  will  have  to  be  graded  to  form  a  level  surface. 
The  grading  will  result  in  lowering  the  elevation  of  the  highest  point  on  the 
site  by  approximately  100  feet  and  filling  portions  of  adjacent  gullies  (2)  . 
Creating  a  level  surface  alone  will  modify  the  drainage  characteristics  of 
the  plant  site.    Creation  of  impermeable  surfaces,  along  with  modified  sur- 
faces, will  probably  increase  runoff  from  the  modified  area,  resulting  in 
increased  erosion.    Stockpiling  of  primary  crushed  shale  will  necessitate 
benching  of  10  acres  adjacent  to  the  plant  complex,  and  placing  thereon  a 
large  pile  of  crushed  shale  which  will  alter  that  surface  during  the  opera- 
tional phase.    There  will  also  be  a  collection  dike  constructed  around  the 
perimeter  to  prevent  off-site  runoff. 

The  construction  of  a  6-acre  mine  bench  will  necessitate  blasting,  cliff 
scaling,  and  filling,  and  will  substantially  change  the  steep  natural  drainage 
of  the  canyon  of  the  Middle  Fork  of  Parachute  Creek  to  a  200-foot-long,  level 
bench,  underlain  by  a  large  conduit.    Noise  and  vibration  from  construction  of 
the  mine  bench  and  associated  roads  at  the  head  of  the  canyon  of  the  Middle  Fork 
will  add  to  the  probability  of  rock  slides,  and  could  dislodge  the  unstable  cliff 
blocks  along  the  canyon  walls    (Figure  III- 52)  . 
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The  most  significant  modification  of  land  surface  will  be  the  processed  shale 
disposal  embankment  which  will  cover  800  acres  of  Davis  Gulch  to  a  maximum 
depth  of  600  feet,  with  an  average  depth  of  approximately  350  feet  (2)  .    The 
significant  topographic  alteration  of  this  area  will  create  an  undulating 
plateau-like  area,  in  contrast  with  the  present  ridge  and  valley  regime.    The 
impact  of  the  processed  shale  disposal  embankment  will  be  substantial  in  terms 
of  magnitude,  permanence,  and  importance. 

The  access  road  currently  under  construction  from  Parachute  Creek  to  the 
plateau  plant  site  must  cross  and  modify  the  line  of  cliffs  that  forms  the  upper 
end  of  the  canyon  of  the  Middle  Fork  of  Parachute  Creek.    Road  construction  in 
this  area  will  require  the  greatest  amount  of  cutting  and  filling,  causing  locally 
destructive  and  unsightly  rockfalls  as  a  result  of  the  steepness  of  the  terrain  (2) 
Substantial  portions  of  the  cliff  at  the  head  of  Parachute  Creek  canyon  may 
prove  unstable  (Figure  111-53)  . 

If  subsidence  as  a  result  of  mining  does  eventually  occur,  it  is  expected  that 
surface  alteration  would  be  a  gradual,  long-term  process,  probably  without 
noticeable  effect  on  the  general  appearance  of  the  landscape.    Should  sub- 
sidence be  greater  than  expected,  changes  in  topography  would  probably 
have  somewhat  the  same  appearance  as  existing  topography.    Change  in 
drainage  patterns  and  water  flows  would  occur  and  could  cause  changes  in 
vegetation  patterns . 

LAND  EXCHANGE 

Topographically,  the  features  will  be  changed  by  the  disposal  of  processed 
shale  and  road  construction  in  portions  of  the  tracts  in  Section  11  and  14, 
T.  5S.,  R.  96  W . ,  and  Section  1,  T.  5  S . ,  R.  95  W . ,  assuming  an  exchange  is 
consummated    (Figure  IV-18)  .    The  topography  will  be  changed  from  steeply 
rolling  to  flat  or  gentle  slopes . 
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SUMMARY 

Based  on  the  analysis  guideline  of  40-foot  or  more  alteration,  topography  on 
approximately  1,217  acres  will  be  impacted  (Table  IV- 15)  .    The  cumulative 
impacts  of  leveling,  cutting,  and  filling  will  be  most  severe  where  the 
construction  of  facilities  occurs  on  uneven  topography.    On  the  Dow  West 
property,  construction  activities  will  be  centered  around:    the  mine  bench 
in  the  canyon  of  the  Middle  Fork  of  Parachute  Creek;  the  plant  site  at  Fugawee  Point 
on  the  plateau;  the  processed  shale  disposal  area  and  the  catchment  dam  in  Davis 
Gulch;  the  flood  control  dam  in  the  canyon  of  the  Middle  Fork  of  Parachute  Creek; 
and  the  access  road  from  the  floor  of  the  Parachute  Creek  canyon  to  the  plant  site 

TABLE  IV-15 

TOPOGRAPHIC  ACREAGE  DISTURBANCE 

BY  CUT  AND  FILL  OF  40  VERTICAL  FEET  OR  MORE 

USE  ACREAGE 

Roads  and  Conveyor  Route 

Mine  Access  Road  50 

Plant  Access  Road  100 

In-Plant  Roads  15 

Mine 

Bench  6 

Flood  Control  Dams  36 

Plant  Site 

Retorting  and  Upgrading  Facility  160 

Ore  Storage  10 

Processed  Shale 

Embankment  800 

Dams  and  Diversion  Structure  40 

Total  1,217 
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on  the  plateau.    The  impacts  on  topography  of  leveling,  cutting,  and  filling 
are  considered  permanent  as  would  be  changes  in  drainage  patterns  and  flow 
rates.    Should  subsidence  eventually  occur,  little  or  no  change  in  the  appear- 
ance of  the  topography  is  anticipated  . 

MINERAL  RESOURCES 

The  project's  impact  on  mineral  resources  will  be  the  removal  of  some  440 
million  tons  of  oil  shale,  averaging  35  gallons  of  oil  per  ton  of  shale,  and 
the  leaving  in  place  of  about  180  million  tons  of  oil  shale  of  the  same  value. 
The  creation  of  an  estimated  void  of  238  million  cubic  yards,  as  a  result  of 
mining,  will  create  some  potential  for  subsidence.    Both  mining  and  sub- 
sidence, should  it  occur,  could  adversely  affect  future  mining  operations  in 
oil  shale  layers  of  lesser  value  above  and  below  the  proposed  60-foot  mine 
section,  should  they  ever  become  commercially  exploitable.    The  mined  zone 
could  create  problems  for  oil  and  gas  drilling  operations  should  drilling 
become  attractive  on  the  Dow  West  property. 

Noncommercial  qualities  of  both  alkaline-soluble,  alumina-bearing  minerals 
(mostly  dawsonite)  ,  and  soluble  saline  minerals  (halite  and  nahcolite)  which 
occur  in  the  proposed  mine  zone  with  the  oil  shale  will  be  subjected  to  retorting 
and  dumped  in  the  processed  shale  embankment.    These  minerals  exist  in 
varying  quantities  throughout  the  Piceance  Creek  Basin  and  are  discussed  in 
the  EIS  for  the  Protopype  Oil  Shale  Leasing  Program  (19)  .    These  minerals 
exist  in  small,  variable  amounts  on  the  Dow  West  property  within  the  proposed 
mine  section,  but  are  not  considered  commercial  at  present  or  for  the  fore- 
seeable future.    Concrete  aggregate  in  the  form  of  sand  and  gravel  will  be 
required  for  an  estimated  110,000  cubic  yards  of  concrete  for  the  shale 
complex.    Additional  amounts  will  be  required  for  structures  constructed  for 
an  induced  population. 
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DOW  WEST  PROPERTY 

OIL  SHALE  RECOVERY 

Colony's  proposed  room-and-pillar  mining  method  will  recover  about  60  per- 
cent (440  million  tons)  of  oil  shale  from  an  estimated  reserve  of  about 
620  million  tons  of  oil  shale  in  the  proposed  60-foot  thick  section  to  be 
mined  within  the  Mahogany  zone.    The  remaining  40  percent  will  be  left 
in  place  as  support  in  the  form  of  pillars  to  prevent  significant  surface  sub- 
sidence.   The  oil  shale  left  in  place  will  probably  never  be  mined   (22)  . 

Six  separate  tracts  of  national  resource  land,  totaling  337.35  acres  are 
located  within  the  Dow  West  property   (Table  11-26  and  Figure  11-37)  .    Should 
the  proposed  land  exchange  be  consummated,  an  additional  estimated  32  million 
tons  of  oil  shale  could  be  mined,  using  a  60  percent  recovery  rate. 

As  ore  is  removed  by  underground  operations,  the  adjacent  rocks  will  be 
subject  to  increased  stresses.    The  increased  stresses  may  produce  conspic- 
uous deformation  or  failure  in  the  rock,  resulting  in  subsidence.    The  effects 
of  subsidence  may  vary  from  slight  deformation  of  the  adjacent  rocks  to  total 
subsidence  of  the  surface  overlying  the  mined  area. 

One  of  the  factors  the  mine  design  has  taken  into  consideration  is  a  balance 
between  effects  of  subsidence  and  recovery  rates.    Rock  mechanics  studies 
indicate  that  for  a  range  of  overburden  depths  of  700  to  1,000  feet,  extraction 
should  not  exceed  60  percent  if  surface  subsidence  is  to  be  avoided  (2)  .    As 
a  result  of  these  studies,  only  60  percent  of  the  oil  shale  will  be  removed  in 
order  to  prevent  significant  surface  subsidence  (2)  . 

The  depth  of  overburden  and  the  nature  of  the  rocks  make  surface  effects 
unlikely  in  the  foreseeable  future. 
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It  is  expected  that  if  subsidence  does  eventually  occur,  surface  alteration 
would  be  a  gradual  long-term  process,  probably  without  noticeable  effect 
on  the  surface  (2)  .    According  to  the  proposed  mine  design,  natural  processes 
such  as  arching  will  interact  and  tend  to  minimize  the  severity  of  subsidence. 
Arching  is  the  process  by  which  a  material  acquires  a  certain  amount  of 
ability  to  support  itself  partially  through  the  resolution  of  the  vertical  component 
of  its  weight  into  a  diagonal  thrust.    Should  the  layer  of  rock  overlying  the 
mine  form  an  arch,  surface  subsidence  would  be  prevented. 

Although  pillar  dimensions  have  been  established  that  will  prevent  collapse 
during  mining  operations,  little  is  known  about  the  long-term  failure  prop- 
erties of  oil  shale  (2)  .  As  a  consequence  of  mine  subsidence,  the  following 
types  of  damage  are  most  common: 

-  A  decrease  or  elimination  of  the  potential  for  future  mining  of  overlying 
horizons  of  potentially  valuable  oil  shale.    Depending  on  the  severity 
of  the  subsidence,  future  mining  of  the  overlying  shale  would  be 
adversely  impacted.    Joining  and  fracturing  weaken  the  natural  structural 
strength  of  rock.    Jointing  intensity  and  frequency  in  the  overlying 
shale  will  increase  with  advent  of  subsidence.    Jointing  could  become 

so  intense  that  underground  mining  methods  would  be  precluded. 
Rate  and  severity  of  subsidence,  joint  patterns  and  intensity  are  a  few 
of  the  unknowns  that  would  influence  the  future  mineability  of  the  over- 
lying oil  shale. 

-  Damage  to  natural  and  artificial  drainage  systems,  and  land  damage  to 
the  surface  over  the  mined-out  area  from  the  creation  of  surface  cracks, 
sink  holes,  and  cave-ins  is  covered  in  other  sections  of  this  chapter 
(hydrology  and  topography)  . 
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SALINE  MINERALS 

Analysis  of  cores  from  10  Dow  West  property  holes  in  the  Mahogany  zone 
shows  that  alkaline-soluble  alumina  in  raw  shale  is  about  1  percent  by  weight 
from  dawsonite  and  other  alumina-bearing  minerals.    One  percent  by  weight 
would  consist  of  approximately  4  million  tons  of  alumina  over  a  period  of 
20  years,  or  200,000  tons  per  year,  that  will  be  mined  along  with  oil  shale. 
Bauxite  (the  principal  alumina  bearing  mineral)  of  present  commercial  interest 
contains  40  to  50  percent  alumina.    The  1  percent  contained  in  the  oil  shale 
is,  therefore,  far  below  what  could  presently  be  economically  recovered. 

Water  soluble  saline  minerals  (halite  and  nahcolite)  average  less  than  0.2 
percent  by  weight  of  raw  shale  (2)    (80,000  tons  over  a  period  of  20  years, 
or  about  4,000  tons  per  year)  ,  and  are  not  currently  considered  economical 
to  develop . 

The  total  recovery  rate  for  the  amounts  of  dawsonite  and  other  alumina- 
bearing  minerals,  halite,  and  nahcolite  available  in  the  proposed  60-foot 
mine  section  will  be  the  same  as  for  the  shale,  about  60  percent.    These 
minerals,  since  they  will  not  be  separated  from  the  oil  shale  during  pro- 
cessing, will  be  disposed  of  along  with  the  processed  shale. 

COLORADO  RIVER  VALLEY 

SAND  AND  GRAVEL 

Quantities  of  sand  and  gravel  will  be  required  as  aggregate  for  an  estimated 
110,  000  cubic  yards  of  concrete  needed  for  construction  of  the  oil  shale 
complex  and  the  Grand  Valley  facilities.    Additional  amounts  of  sand  and 
gravel  for  aggregate  will  be  needed  for  construction  of  facilities  to  serve 
the  estimated  4, 100  increase  in  population.    There  are  commercial  deposits 
of  sand  and  gravel  available  in  the  Colorado  River  valley  between  the  com- 
munities of  Glenwood  Springs  and  Grand  Junction.    Some  of  these  deposits 
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are  being  and  have  been  developed  for  use  in  the  existing  communities.    It 
is  not  known  if  the  quality  of  these  materials  will  meet  the  aggregate  standards 
for  concrete  in  the  oil  shale  complex.    Aggregate  may  have  to  be  shipped  in 
by  truck  or  rail  from  other  sources  than  the  Colorado  River  valley  in  the  vicin- 
ity of  Grand  Valley.    Sources  of  sand  and  gravel  in  the  vicinity  of  Grand  Valley 
may  be  adequate  for  the  needs  of  the  estimated  population  increase.    The  re- 
quired amounts  of  aggregate  for  both  the  complex  and  the  induced  population 
are  not  known,  as  well  as  the  quantity  available  for  these  needs.    Impacts  of 
sand  and  gravel  operations  would  be  the  removal  of  sand  and  gravel  and  vegetation, 
destroying  wildlife  habitat,  an  increase  in  runoff,  along  with  T.D.S.,  and  an 
increase  of  sediment  loads  in  streams.    These  effects  would  disturb  fish  habitat 
and  decrease  water  quality.    Temporary  increases  in  T.D.S.  and  sediment 
loads  in  tributaries  to  the  Colorado  River,  and  possibly  the  river  itself,  could 
occur  should  sand  and  gravel  operations  take  place  in  the  valley. 

SUMMARY 

The  severity  of  possible  subsidence  may  be  controlled  by  the  mine  design, 
especially  the  design  of  room-and-pillar  dimensions.    This  design,  in  turn, 
affects  the  oil  shale  recovery  rate.    The  mine  design  proposes  a  60  percent 
recovery  rate  with  40  percent  of  the  oil  shale  to  be  left  in  place  as  support 
in  order  to  prevent  surface  subsidence.    Subsidence  may  occur  and,  in  turn, 
would  affect  mineral  recovery  rates  and  mine  methods  should  zones  above 
the  proposed  mine  section  become  economically  feasible  to  mine.    At  this  time, 
it  is  not  known  to  what  extent  other  oil  shale  zones  would  be  affected . 

The  1  percent  by  weight  of  recoverable  alumina  from  dawsonite  and  the  0.2 
percent  by  weight  of  halite  and  nahcolite  are  currently  far  below  what  is 
considered  economically  recoverable.    Approximately  4  million  tons  of  alumina 
and  80,000  tons  of  halite  will  be  disposed  of  in  the  processed  shale  pile  over 
the  life  of  the  project  (20  years)  .    Approximately  180  million  tons  of  shale 
(6.3  million  gallons  of  oil)  will  not  be  recovered  as  it  will  be  left  in  place 
for  pillar  supports. 
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Sand  and  gravel  operations,  should  they  occur  in  the  Colorado  River  valley, 
will  disturb  soils,  vegetation,  and  wildlife  habitat.    Some  increases  in  T.D.S. 
and  sediment  levels  would  be  expected  in  tributaries  and  probably  the 
Colorado  River . 

VEGETATION 

Vegetation  will  be  removed  from  sites  where  structures  will  be  constructed. 
These  sites  include:    the  plant/mine  complex  -  160  acres;  valley,  mine, 
administration  building,  Colorado  River  pump  station  access  and  in-plant 
roads  -  355  acres;  mine  bench  -  6  acres;  flood  control  dams  -  36  acres; 
ore  storage  -  15  acres;  processed  shale  embankment  -  800  acres;  dams  and 
diversion  structures  -  72  acres;  terminal  railroad  spur,  water  pump  stations, 
and  administration  building  -  95  acres;   Lisbon  Terminal  -  20  acres;   trans- 
mission powerlines,  tower  foundations  -  150  acres;   structures  needed  to 
support  an  estimated  increase  in  population  of  4, 100  -  380  acres;  an 
estimated  80  acres  for  trench  excavations  for  the  194-mile  shale  oil  pipe- 
line; and  21  acres  for  the  LPG,  ammonia,  and  water  pipelines,  and  telephone 
duct.    Table  IV- 16  shows  the  aggregated  acreages  by  vegetation  communities 
that  will  be  covered  by  structures,  removed,  or  disturbed  as  a  result  of  con- 
struction and  land  use. 

Vegetation  will  be  crushed  by  the  weight  of  construction  equipment  and 
vehicles  on  construction  sites  and  temporary  access  to  and  from  these  sites. 
Including  the  right-of-way  for  pipeline  and  powerline,  an  estimated  3,700 
acres  of  vegetation  will  be  disturbed  to  varying  degrees,  from  slight  distur- 
bance to  total  destruction . 

Some  damage  may  occur  to  vegetation  as  a  result  of  shale  oil  and  petroleum 
product  spills  during  construction  activities  and  oil  shale  complex  operations . 
Damage  may  occur  from  oil  spill  clean-up  activities.    Additional  damages 
may  occur  as  a  result  of  fugitive  dust  and  air  pollutants. 
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TABLE  IV-16 
IMPACTED  VEGETATION  COMMUNITIES 


COVERED 

BY 

REMOVED 

DISTURBED 

TYPE  OF  VEGETATION 

ACREAGE 

STRUCTURES 

(a) 

(b) 

Agriculture 

197(c) 

135 

62 

Aspen 

216 

158 

58 

Blackbrush 

24 

24 

Conifer  Forest 

29 

13 

16 

Desert  Grassland 

80 

80 

Gallery  Forest 

2(c) 

2 

Greasewood 

317 

30 

202 

85 

Indian  Rice  Grass 

2(c) 

1 

1 

Marsh 

15 

15 

Mountain  Shrub 

620 

313 

245 

62 

Pinyon-Juniper 

278 

21 

136 

121 

Riparian 

5 

1 

4 

Sagebrush 

1,289 

835 

454 

Salt  Desert  Shrub 

478 

2 

476 

Sparse  Vegetation 

167 

142 

25 

Total 


3,719 


1,653 


703 


1,363 


(a)  Vegetation  removed  as  a  result  of  construction  but  areas  involved  will 
revegetate  naturally. 

(b)  Vegetation  not  removed  or  destroyed. 

(c)  Averaged  acres  of  vegetation  involved  for  acres  where  two  or  more 
choices  for  location  are  involved  and  decision  as  to  location  has  not 
been  made. 
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A  significant  impact  on  vegetation  will  be  the  destruction  of  vegetation 
covering  the  areas  to  be  used  for  the  processed  shale  disposal  embank- 
ment,  construction  of  the  processing  plant,   and  road  construction  into  and 
within  the  Dow  West  property.     More  than  800  acres  of  predominantly  big 
sagebrush  and  lesser  amounts  of  mixed  shrub  communities  and  aspen  stands 
within  the  Davis  Gulch  area  will  be  removed  or  covered  by  the  continued 
construction  of  the  processed  shale  embankment  over  a  20-year  period. 
Ten  acres  will  be  taken  out  of  production  when  the  Davis  Gulch  catchment 
dam  is  completed.     Additional  acreage  will  be  disturbed  by  a  fluctuating 
waterline  behind  the  dam.     Up  to  an  estimated  62  acres  of  vegetation  will 
be  disturbed  and,   depending  on  the  toxicity  of  the  water  behind  the  catch- 
ment dam,   could  be  destroyed.     Both  big  sagebrush  and  aspen  communities, 
as  well  as  mixed  shrub  communities,   are  common  throughout  the  Piceance  Creek 
Basin .     The  disturbed  and  destroyed  vegetation  within  the  Davis  Gulch  area 
accounts  for  a  little  more  than  20  percent  of  the  Dow  West  property  and 
less  than  1  percent  of  the  Parachute  Creek  drainage.     Construction  of  the 
pyrolysis  plant  and  associated  buildings,   conveyor,   storage  tanks,    service 
roadways,   water  diversion  systems,   a  raw  shale  stockpile,   and  Middle 
Fork  Dam  will  remove  from  productivity  an  additional  455  acres  of  similar 
vegetation  for  20  years  or  more. 

Approximately  1,325  acres  of  vegetation  will  be  removed  from  productivity 
at  least  during  the  20-year  plant  operations.     Vegetative  communities  that 
will  be  removed  include:      725  acres  of  sagebrush;    10  acres  of  Douglas 
fir;    303  acres  of  mountain  shrub;    149  acres  of  aspen;    and  138  acres  of 
areas  covered  by  sparse  growth.     Figure  111-60  shows  vegetative  types  and 
the  areas  where  construction  will  occur . 

Colony  proposes  to  vegetate  the  processed  shale  embankment  during  the 
operating  phase  of  the  plant  so  that  800  acres  of  the  1,325  acres  should  be 
covered  by  vegetation  at  the  end  of  20  years. 
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LAND  EXCHANGE 

Vegetation  on  the  selected  tracts  would  be  removed  as  a  result  of  the  deposi- 
tion of  processed  shale  on  the  2  tracts  in  Section  1 ,  T.  5  S . ,  R.  95  W . ,  and 
Sections  11  and  14,  T.  5  S. ,  R.  96  W.    (Figure  11-37)  .    Vegetation  on  these 
tracts  is  predominately  mountain  shrub  and  sagebrush  type. 

Exploratory  core  drilling  on  the  surface  above  the  mine  requires  construction 
of  access  roads  and  drilling  platforms.    Such  activities  may  disturb  substan- 
tial amounts  of  the  plateau  plant  communities. 

ENDANGERED,  THREATENED, AND  LOCALLY  RARE  PLANT  SPECIES 

Four  locally  rare  plant  species  have  been  identified  on  the  Dow  West  property. 
(Figure  111-46)  . 

Yellow  columbine  (endangered)  and  sullivantia  (threatened)  are  found  at  the 
heads  of  canyons  and  near  waterfalls.    The  Davis  Gulch  and  Middle  Fork  water- 
falls will  be  dried  up  as  a  result  of  the  proposed  dams  and  mine  bench  construc- 
tion so  these  plants  will  be  eliminated  from  these  two  areas.    However,  both 
these  species  are  located  in  other  areas  on  the  property.    White  checkermallow 
(locally  rare)  and  a  species  of  milkvetch  (endangered)  should  not  be  affected 
by  Colony's  proposal. 

SHALE  OIL  PIPELINE  CORRIDOR 

During  construction  of  the  194-mile-long  shale  oil  pipeline  between  the  oil 
shale  complex  on  the  plateau  and  Lisbon  Valley,  Utah,  1, 175  acres  of  vegeta- 
tion of  various  types  of  plant  communities  will  be  disturbed.    Most  of  the 
vegetation  in  the  50-foot  right-of-way  will  be  disturbed  by  the  initial 
clearing  of  the  right-of-way  of  vegetative  obstacles  (trees  and  shrubs)  that 
could  interfere  with  pipeline  construction  activities.    Vegetation  will  also  be 
beaten  down  and  crushed  by  the  movement  of  construction  equipment  and 
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vehicles  within  the  right-of-way.    Vegetation  will  be  removed  from  the  portion 

of  the  right-of-way  where  the  trench  is  excavated. 

Natural  revegetation  of  most  of  the  communities  would  occur  from  a  few  years 
to  a  few  decades.    It  is  questionable  that  certain  types  such  as  pinyon-juniper , 
aspen,  and  conifers  would  ever  recover.    Length  of  time  for  recovery  to  a 
productive  state  in  terms  of  ground  cover,  soil  erosion  protection,  forage 
potential,  and  habitat  will  depend  on  the  species  of  plants,  precipitation  rates, 
proximity  to  available  ground  water,  temperature  and  elevation.    Soil  fertility 
and  precipitation  rates  are  generally  less  at  the  lower  elevations  from  the  mouth 
of  West  Salt  Creek  to  Lisbon  Valley,  Utah.    Recovery  rates  in  terms  of  produc- 
tivity would  take  longer  in  this  area  in  terms  of  tens  of  years,  while  in  a  more 
fertile  soil,  with  greater  precipitation  rates  such  as  on  the  Roan  Plateau,  vege- 
tation would  recover  more  rapidly,  probably  in  a  time  frame  of  a  few  years. 

Until  these  vegetative  communities  are  re-established  to  a  near  equivalent 
productivity  state,  increased  soil  erosion  from  wind  and  water  will  likely 
occur .    Moisture-holding  capacity  of  the  soil  will  be  diminished  on  the  dis- 
turbed area.    There  is  some  chance  of  noxious  plants  such  as  Russian  and 
Canadian  thistle,  and  halogeton  (poisonous)  plants  invading  the  disturbed 
areas,  especially  at  lower  elevations.    Other  effects  as  a  result  of  vegetative 
disturbance  or  destruction  will  be  decreased  wildlife  habitat  and  visual  scars. 

Petroleum  products  spilled  from  the  proposed  pipeline  could  kill  vegetation  in 

the  area  affected  by  the  spill.    The  detrimental  effects  would  be  due  to: 

complete  or  partial  coating  of  aerial  plant  parts  with  oil;  saturation  of  the 

soil  and  subsequent  toxicity  to  the  root  system;   killing  of  the  seeds  present 

in  the  soil  at  the  time  of  discharge;  and  long-term  sterilization  of  the  soil 

by  persistent  oil  residues.    The  total  extent  of  the  impact  of  an  oil  spill  would 

depend  on  the  amount  of  petroleum  released,  slope  and  soil  characteristics, 

and  vegetative  type  involved.    However,  under  most  circumstances,  some 

destruction  of  terrestrial  vegetation  could  occur.    Under  current  technological 

constraints,  oil  cannot  be  physically  removed  from  terrestrial  surfaces  without 

further  destruction  of  the  vegetation.    Vegetation  may  be  damaged  or  destroyed 

during  oil  spill  clean-up  activities.    The  degree  and  areal  extent  of  the  damage 

will  depend  on  the  size,  location,  and  time  of  year  of  the  spill.    If  an  access 

road  has  to  be  constructed  to  the  oil  recovery  site  this  will  damage  or  destroy 

additional  vegetation . 
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It  is  likely  that  after  completion  of  construction  activities  on  the  right-of-way, 
segments  of  right-of-way  and  access  roads  will  continue  to  be  used  by  vehicles 
for  hunting  or  other  recreational  activities.    Clearing  and  construction  activ- 
ities will  essentially  create  a  surface  which  will  resemble  a  jeep  or  truck  trail 
which  a  two-wheel  drive  pickup  could  travel.    This  use  would  retard  vege- 
tative recovery. 

Figures  III-70a  and  70b  show  the  location  of  vegetative  types  and,  in  some  cases, 
communities  where  several  types  are  prevalent  along  the  proposed  pipeline 
route . 

The  following  discussion  identifies  the  vegetative  communities  and,  in  some 
instances,  types  that  will  be  affected  by  pipeline  construction.    In  order  to 
establish  some  parameter  for  vegetation  productivity,  the  term  Animal  Unit 
Month  (AUM)  defined  as  "the  amount  of  natural  or  cultivated  feed  necessary 
for  sustenance  of  1  cow  or  its  equivalent  for  a  period  of  one  month"  will  be 
used.    It  has  also  been  estimated  that  6  or  7  deer  are  equivalent  to  1  cow. 
The  reader  is  cautioned  not  to  construe  that  the  amount  of  vegetation  capable 
of  feeding  1  cow  or  7  deer,  in  fact,  feeds  that  many  animals  for  1  month  during 
any  given  year,  but  rather  what  that  vegetative  community  or  type  is  capable 
of  feeding  under  ideal  conditions. 

MOUNTAIN  SHRUB  COMMUNITIES 

An  estimated  245  acres  of  mountain  shrub  communities  will  be  disturbed  by 
pipeline  construction  activities.    Because  of  deeper,  fertile,  and  more  favor- 
able moisture  conditions,  these  communities  have  from  80  -  100  percent  ground 
cover  and  grow  to  several  feet  in  height.    Clearing  will  require  their  physical 
removal  by  blading  or  scraping  prior  to  the  movement  of  construction  equip- 
ment and  vehicles.    Some  species  present  in  these  communities  include  predom- 
inantly oak  brush  and  lesser  amounts  of  mountain  mahogany,  serviceberry , 
and  other  species  identified  in  Chapter  III  of  this  statement.    This  acreage 
could  support  an  estimated  154  deer  or  22  cows  for  1  month  during  the  year. 
Its  forage  productivity  will  be  considerably  decreased . 
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ASPEN  FOREST 

Aspen  and  conifer  species  occur  in  association  with  the  mountain  shrub  species, 
but  do  not  cover  a  sufficiently  large  area  to  have  been  mapped.    Aspen  groves 
are  subject  to  visual,  cover  and  productivity  impacts  as  a  result  of  clearing 
and  construction  activities.    There  are  several  small  aspen  groves  along  the 
proposed  right-of-way  on  the  Roan  Plateau.    If  the  roots  are  disturbed  during 
construction  of  the  pipeline,  recovery  is  questionable. 

CONIFER  FOREST 

Conifer  stands  along  the  proposed  pipeline  route  (a  calculated  25  acres)  occur 
on  sites  marginal  to  the  species,  and  severe  disturbance  through  clearing  and 
construction  would  result  in  loss  of  the  community  with  little  chance  of  recovery. 

GREASEWOOD 

An  estimated  200  acres  of  greasewood  will  be  disturbed  or  removed  from  pro- 
duction .  This  vegetation  type  has  been  estimated  to  be  capable  of  supporting 
10  cows  or  70  deer  during  a  1-year  period. 

SALT  DESERT  SHRUB 

This  community  occurs  in  the  most  arid  areas  of  the  proposed  pipeline.    An 
estimated  475  acres  will  be  disturbed  or  removed  during  construction  activities. 
This  community's  capability  of  supporting  32  cows  or  about  224  deer  for  1 
month  annually  could  be  significantly  reduced . 

PINYON-JUNIPER 

An  estimated  136  acres  could  be  disturbed  or  removed  during  pipeline  construc- 
tion .    This  type  consists  of  a  dominant  overstory  of  pinyon  pine  and  Utah  juniper 
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The  tree  species  are  evenly  and  somewhat  widely  spaced,  with  a  shrub  layer 
dominated  by  big  sagebrush.  Forage  for  an  estimated  7  cows  or  49  deer  for  1 
month  during  a  year  could  be  removed  from  production . 

MARSH 

An  estimated  15  acres  of  land  will  be  cleared  through  the  marsh  area  adjacent 
to  the  Colorado  River  at  Moab,  Utah.    Removal  of  vegetation  such  as  bulrush, 
cattail  communities,  and  riparian  trees  will  be  most  evident.    Natural  revege- 
tation  of  marsh  communities  will  probably  require  10  to  15  years.    Fifteen 
acres  of  these  communities  are  capable  of  supporting  3  cows  or  21  deer  for  1 
month  during  a  year. 

BLACKBRUSH 

The  immediate  effects  of  pipeline  construction  on  this  community  are  similar 
to  those  previously  described.    An  estimated  24  acres  will  be  taken  out  of 
production.    Disturbance  or  removal  of  24  acres  of  this  vegetation  type  could 
reduce  forage  production  potential  by  as  much  as  3  AUM's. 

DESERT  GRASSLAND 

Immediate  reduction  in  cover  and  loss  of  productivity  due  to  pipeline  con- 
struction will  occur  on  about  80  acres  of  the  desert  grassland  type.    Eighty 
acres  of  desert  grassland  could  support  8  cows  or  about  56  deer  for  1  month 
during  a  year . 

PARACHUTE  CREEK 

The  native  community  types  which  would  be  most  affected  by  development  of 
the  Parachute  Creek  service  corridor  are  sagebrush  and  greasewood  which 
occur  extensively  in  the  valley.    Development  of  the  utilities  corridor  involv- 
ing construction  of  LPG,  ammonia,  and  water  pipelines,  a  phone  duct,  and 
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improving  the  existing  road,  will  impact  vegetation  in  the  same  manner  as 
identified  under  the  shale  oil  pipeline  discussion.    Road  improvement  will 
require  straightening  and  widening,  thus  destroying  some  native  vegetation 
and  farmland .    Depending  on  the  route  selected,  the  areal  extent  of  this 
impact  could  be  as  little  as  60  acres  or  as  much  as  175  acres  (20)  .    The 
alternatives  for  rerouting  are  mainly  deviations  of  the  existing  route.    Colony 
has  informally  suggested  several  changes  in  the  existing  road  alignment  to 
Garfield  County  officials.    Until  development  plans  become  more  definite,  the 
county  will  probably  make  no  decision  as  to  realignment  location.    Until  a 
final  alignment  is  selected,  it  will  not  be  possible  to  determine  how  many 
acres  and  what  type  of  native,  as  well  as  agricultural,  vegetation  will  be 
disturbed.    The  vegetative  types  located  in  this  area  are  shown  in  Figure 
111-30.    Table  IV- 16  includes  the  averaged  vegetation  acreages  that  will  be 
removed  and  disturbed  by  two  possible  route  alignments. 

POWERLINE  CORRIDORS 

Effects  on  vegetation  as  a  result  of  construction  of  two  230,  000-volt  trans- 
mission lines  will  be  somewhat  similar  to  those  described  under  the  shale 
oil  pipeline,  i.e. ,  beating  down  and  crushing  of  plants  as  a  result  of  move- 
ment of  construction  equipment  and  vehicles  within  the  150-foot  right-of-way, 
a  maximum  of  950  acres  for  the  2  transmission  lines.    An  additional  7  acres 
on  the  Dow  West  property  will  be  disturbed  for  the  extension  of  the  69,  000- 
volt  line  from  Colony's  existing  facilities  to  the  proposed  plant  site.    An 
estimated  150  acres  of  vegetation  will  be  removed  from  productivity  as  a 
result  of  transmission  power  foundation  construction.    Five  acres  of  vegeta- 
tion will  be  disturbed  and  removed  from  productivity  for  construction  and 
operation  of  a  substation .    Vegetative  communities  that  will  be  removed  from 
productivity  and  disturbed  are  shown  in  Table  IX-5  plus  a  discussion  of  seven 
possible  corridors,  two  of  which  will  be  selected  for  construction  of  power- 
lines.    Table  IV- 16  includes  an  averaged  acreage  of  vegetative  communities 
for  the  two  longest  routes . 
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Disturbance  and  removal  of  vegetative  cover  will  increase  the  potential  for 
wind  erosion  and  increase  the  water  runoff  rate  which,  in  turn,  could 
increase  soil  erosion,  water  T.D.S.,  and  sediment  levels.    Also,  some  wild- 
life habitat  will  be  removed  and  productivity  of  vegetation  in  terms  of  forage 
potential,  soil-holding  capacity,  and,  to  some  extent,  soil  moisture  retention, 
will  be  reduced . 

Clearing  areas  that  would  obstruct  movement  of  construction  equipment  and 
vehicles  or  interfere  with  the  powerlines  themselves  would  have  the  greatest 
adverse  effect  on  conifer  stands.    Because  of  height  and  density,  construction 
through  conifer  stands  would  require  the  removal  of  many  trees. 

Construction  of  powerlines  through  aspen  stands  would  require  extensive 
clearing .    This  impact  would  be  serious  because  aspen  does  not  have  a  high 
survival  capability  following  such  treatment.    Crossing  aspen  stands  would 
cause  less  damage  than  crossing  conifer  stands  and  more  damage  than  crossing 
mixed  shrub  communities. 

In  mixed  shrub  stands,  generally  the  impact  of  a  powerline  could  be  considered 
moderate.    However,  because  of  the  wide  variation  between  individual  sites, 
the  impacts  could  range  from  severe  to  negligible. 

Impact  of  construction  on  pinyon-juniper  stands  would  depend  on  the  density 
of  the  stands.    A  dense  stand  would  require  more  clearing  to  permit  movement 
of  vehicles  than  less  dense  stands.    Recovery  rates  for  pinyon-juniper  can  be 
long-term. 

Some  developed  and  cultivated  lands,  primarily  concentrated  at  the  base  of  the 
plateau,  particularly  along  the  Colorado  River,  may  be  crossed  by  the  proposed 
transmission  lines.    Tower  foundations  could  be  located  within  these  areas, 
removing  about  2.7  acres  of  land  per  mile  from  productivity. 
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COLORADO  RIVER  VALLEY 

GRAND  VALLEY  FACILITIES 

Eighty  acres  of  predominantly  agricultural  lands  (alfalfa)  will  be  disturbed  as 
a  result  of  construction  of  the  proposed  terminal  (75  acres)  and  a  railroad 
spur  (5  acres)  .    These  agricultural  lands  have  been  estimated  as  capable  of 
producing  forage  for  975  cows  for  1  month  during  a  year.    The  railroad  spur 
as  it  leaves  the  main  Denver  and  Rio  Grande  Western  line  in  Grand  Valley, 
will  be  routed  through  less  than  one-half  mile  of  a  greasewood  community. 
Disturbance  would  include  removal  of  enough  vegetation  for  the  roadbed 
between  50  and  100  feet  wide,  or  about  1.5  acres.  Figure  111-29  shows  the 
vegetative  types  in  the  vicinity  of  the  community  of  Grand  Valley,  and  the  area 
to  be  disturbed. 

INDUCED  POPULATION 

Vegetation  will  be  disturbed  as  a  result  of  construction  activities  for  dwellings, 
roads,  utilities,  and  service  structures  for  the  projected  increase  in  population. 
It  is  possible  that  agriculture  lands,  as  well  as  lands  containing  native  vege- 
tation, will  be  affected.    There  are  several  settlement  patterns  identified  in 
the  socio-economic  impact  section .    The  impacts  which  may  result  from  creation 
of  a  new  community  are  discussed  in  Chapter  IX,  Alternatives.    Assuming  the 
population  settlement  is  distributed  in  the  Colorado  River  valley  between 
Glenwood  Springs  and  Grand  Junction,  an  estimated  380  acres  of  vegetation 
will  be  removed.    Since  the  land  utilization  patterns  for  the  projected  increase 
in  population  are  not  well  established,  the  type  of  vegetation  to  be  removed 
cannot  be  quantified  at  this  time.    Some  disturbance  to  vegetative  types  is 
anticipated  as  a  result  of  additional- recreational  activities,  especially  off-road 
vehicle  use. 


IV-129 


VEGETATION 
AIR  POLLUTANT  EFFECTS  ON  VEGETATION 

SULFUR  DIOXIDE 

Different  species,  different  varieties  within  a  plant  species,  and  even  individuals 
within  a  plant  variety  vary  considerably  in  their  susceptibility  to  sulfur  dioxide. 
The  amount  of  injury  caused  by  a  given  quantity  of  sulfur  dioxide  varies  with  the 
rate  of  absorption;  that  is,  a  given  amount  of  gas,  absorbed  in  a  short  time  period, 
will  cause  more  leaf  destruction  than  if  the  absorption  were  to  occur  over  a  longer 
period . 

Sulfur  dioxide  absorbed  by  plants  may  produce  two  types  of  leaf  injury — acute 
or  chronic.    Acute  injury,  which  is  associated  with  high  concentrations  over 
relatively  short  intervals,  generally  hours  of  exposure,  usually  results  in 
injured  tissue  drying  to  an  ivory  color  or  sometimes  darkening  to  a  reddish- 
brown .    Brownish  discoloration  occurs  in  the  tips  of  pine  needles,  which  may 
be  followed  by  abscession,  while  broad-leaved  plants  and  grasses  show  necrotic 
blotching . 

Chronic  injury,  which  results  from  lower  concentrations  over  a  number  of 
days  or  weeks,  leads  to  a  gradual  yellowing  as  a  result  of  the  chlorophyll- 
making  mechanism  being  impeded,  or  pigmentation  of  leaf  tissue. 

Generally,  for  growth  and  production  to  be  affected,  visible  symptoms  of 
injury,  such  as  acute  lesions,  chronic  chlorosis,  or  excessive  leaf  drop,  also 
occur. 

The  mechanism  by  which  acute  injury  occurs  involves  the  plant's  ability  to 
transform  absorbed  sulfur  dioxide  in  sulfuric  acid  into  sulfate  which  is 
deposited  at  the  tip  or  edges  of  the  leaf.    With  a  high  rate  of  absorption, 
sulfate  is  thought  to  accumulate,  and  sulfurous  acid  is  then  formed  and 
subsequently  attacks  the  cells. 
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Chronic  injury  results  from  the  gradual  accumulation  of  excessive  amounts  of 
sulfate  in  the  leaf  tissue.    Sulfate  is  formed  in  the  leaf  from  sulfur  dioxide  ab- 
sorbed from  the  atmosphere  in  addition  to  sulfate  absorbed  through  the  roots. 
Levels  of  sulfate  in  some  leaf  tissue  5  to  10  times  above  normal  have  been  noted 
with  no  detectable  symptoms  of  injury--very  high  levels  cause  chronic  symptoms 
and  stimulate  leaf  drop. 

Sensitivity  of  plant  materials  is  affected  significantly  by  such  environmental 
conditions  as  temperature,  relative  humidity,  soil  moisture,  light  intensity, 
nutrient  levels  and  sulfate  content  of  the  soil.    At  locations  in  the  vicinity  of 
high  concentrations  a  greater  frequency  of  damage  to  plants  is  more  likely 
to  occur . 

The  threshold  response  of  alfalfa  to  acute  injury,  one  of  the  most  sensitive  plants 
to  sulfur  dioxide  damage,  is  1.25  ppm  over  one  hour  (23)  .    Slight-to-severe 
injury  was  reported  to  at  least  15  tree  species,  including  both  conifers  and 
hardwoods,  in  the  vicinity  of  petroleum  refineries  where  concentrations  exceeded 
0.5  ppm  during  10  hours  in  one  month  with  momentary  peaks  as  high  as  2  ppm 

Results  of  the  Battelle  air  study  predict  a  single  annual  maximum  3-hour 

3 
occurrence  between  200  and  300jugm/m     (76.8  to  115  ppb)  and  two  24-hour 

3 
occurrences  annually  of  between  30  and  100  jugm/m     (11 .  5  to  38.  3  ppb)  . 

Three  hour  calculated  occurrences  were  derived  from  1-hour  mean  values 

(1)  .    Assuming  that  a  1-hour  value  was  high,  the  high  side  of  the  maximum 

3 
3-hour  occurrence  could  be  300,ugm/m    or  115  ppb  for  1  or  more  hours. 

At  this  extreme,  Battelle1  s  estimates  would  be  approximately  0.1  or  0.9 

percent  of  the  threshold  observed  to  cause  injury  to  alfalfa. 

The  24-hour  occurrences  were  calculated  from  8  consecutive  3-hour  mean 

concentrations.    Assuming  the  three  3-hour  calculations  were  high,  9 

3 
of  the  24-hour  periods  could  be  near  the  high  side  of  the  30  to  100  jugm/m    or 
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38.4  ppb  SO«  concentration.    A  9-hour  concentration  may  closely  approach 
the  10-hour  period  for  threshold  injury  to  conifers  and  hardwoods,  at  a 
concentration  level  of  0.5  ppm.    A  comparison  shows  that  the  estimated 
concentration  levels  of  sulfur  dioxide  are  1/13  or  0.07  percent  of  the  observed 
levels  needed  to  cause  acute  leaf  injury. 

Chronic  symptoms  and  excessive  leaf  drop  may  be  produced  by  long-term 
exposures  to  lower  concentrations  of  sulfur  dioxide.    They  have  been  reported 
in  locations  where  the  mean  annual  concentration  is  below  about  0.03  ppm. 

« 

As  a  result,  a  slow  build-up  of  sulfate  in  leaf  tissues  occurs  (23)  . 


From  the  Eattelle  study  the  estimated  highest  annual  mean  incremental  Cohen- 
's 

tration  of  3 . 5  jigm/m     (1.3  ppb),  is  about  1/23  or  4  percent  of  the  observed  chi 
injury  level.    Figure  IV-2  shows  boundaries  and  annual  concentration  levels. 


Sulfur  dioxide  concentrations  from.  0.05  to  0.25  ppm  will  react  synergistically 

with  either  ozone  or  nitrogen  dioxide  in  short-term  exposures  (i.e. ,  4  hours) 

to  produce  moderate-to-severe  injury  on  certain  sensitive  plants  such  as 

tobacco.    The  Battelle  study  predicts  three  3-hour  occurrences  per  year  above 

3 
50  ppb,  a  single  occurrence  of  between  200  and  300  ugm/m     (77  to  115  ppb) 

3 
at  grid  point  135,  and  two  occurrences   of  between  125  and  200;jgm/m 

(48  to  77  ppb)  at  grid  points  135  and  78.    The  area  covered  for  these  two 

grid  points  is  approximately  6  square  miles.    It  is  not  known  if  there  are  any 

plants  identified  in  the  vicinity  of  the  proposed  plant  complex  as  sensitive  to 

the  combined  effects  of  sulfur  dioxide  and  nitrogen  dioxide  as  tobacco.    Also, 

as  stated  in  the  section  on  climate  and  air  quality ,  the  degree  of  confidence 

for  single  calculations  is  not  high. 

Sulfuric  acid  mist  which  may  occur  in  polluted  fogs  and  mists,  also  damages 

leaves .    The  acid  droplets  cause  a  spotted  injury  to  leaves  that  are  wet  due 

3 
to  fog  conditions.    Such  injury  may  occur  at  concentrations  of  100  ugm/m 

(38.4  ppb)  . 
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The  Battelle  study  predicts  eight  3- hour  occurrences  annually  between 

3  3 

75  and  125;ugm/m   ,  two  occurrences  between  125  and  200jugm/m   ,  and  one 

3 

occurrence  between  200  and  300  jugm/m   .    Fog  and  mist  conditions  are  rare 

in  the  semiarid  climates  of  the  western  states  but  if  one  of  these  events  should 

occur  during  a  period  when  other  climatic  conditions  are  favorable  for  3-hour 

3 
sulfur  dioxide  concentration  levels  to  rise  above  lOOugm/m   ,  chronic  symptoms 

and  excessive  leaf  drop  could  occur  causing  injury  to  plants,  including  conifers. 

NITROGEN  OXIDES 

Study  of  the  literature  indicates  there  has  been  little  research  of  the  effects  of 
nitrogen  oxides  on  the  type  of  native  vegetation  identified  in  this  EIS .    Most  of 
the  research  to  date  has  treated  the  effects  of  this  air  pollutant  on  agricultural 
products  such  as  alfalfa,  wheat,  pinto  beans,  and  tomatoes,  to  name  a  few. 
Some  of  this  agricultural  produce  is  grown  in  the  Parachute  Creek  and 
Colorado  River  valleys  in  varying  amounts.    A  quick  analysis  of  the  projected 
distribution  and  concentration  of  air  pollutants  as  a  result  of  the  shale  oil  com- 
plex operations  by  the  Battelle  model  study  (Figure  1V-3  and  Table  IV-3) 
shows  that  much  of  the  distribution  and  higher  concentration  levels  will  be 
generally  to  the  north-northeast  away  from  agricultural  lands  in  the  valleys . 
The  Marlatt  and  Associates  model  studies  of  concentration  levels  of  air  pollutants 
as  a  result  of  vehicular  traffic  and  urban  development  are  primarily  within 
the  Parachute  Creek  and  Colorado  River  valleys     (5)    (6)  . 

Evidence  of  plant  response  to  toxic  levels  of  NO    can  be  divided  into  three  major 

A 

categories:     (1)    acute  injury;    (2)    chronic  injury;  and,    (3)  physiological 
effects.    Acute  injury  is  manifested  by  collapse  of  cells  with  subsequent 
development  of  identifiable  necrotic  patterns .    Symptoms  usually  result  from 
short  exposures  (hours)  to  varying  levels  of  N02  and  appear  within  2  to  48 
hours  after  exposure. 

Chronic  injury  is  caused  by  intermittent  exposure,  over  longer  periods,  to  low 
concentrations  of  gas .    It  results  in  chlorotic  or  other  pigmented  patterns  in 
leaf  tissue  and  may  be  accompanied  by  loss  of  leaves  (leaf-drop)  (  24) . 
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Physiological  effects  frequently  associated  with  pollutant  exposure  cause 
growth  alterations,  reduced  yields,  and  changes  in  quality  of  plant  products. 

Symptoms  of  NO„  injury  appear  as  irregular  white  or  brown  collapsed  lesions 
on  tissue  between  the  veins  and  near  the  leaf  margin   (25)  . 

Studies  indicate  that  visible  leaf  damage  to  tomato  seedlings  is  caused  by  a 
concentration  of  2.5  ppm  nitrogen  dioxide  after  a  4-hour  exposure  (25)  . 
Pinto  bean  plants  are  reportedly  injured  by  a  3  ppm  concentration  after  a  4- 
to-8-hour  exposure.    Acute  symptoms  found  on  bean,  tomato,  and  tobacco 
seedlings  induced  by  an  exposure  of  2 . 5  ppm  of  NO~  also  closely  resemble 
necrotic  lesions  caused  by  SO?.    An  NO?  concentration  of  25  ppm  may  injure 
most  indigenous  vegetation  (25)  .    Plant  growth  may  be  inhibited  by  continuous 
exposure  to  0.5  ppm  NO„   (25)  . 

The  Battelle  air  model  study  predicts  that  the  highest  annual  mean  concentration 

3 
will  be  15.85  jugm/m   ,  or  approximately  8.46  ppb.    The  predicted  8.46  ppb 

concentration  is  only  about  0.0003  percent  of  the  observed  nitrogen  dioxide 

concentration  that  may  produce  injury  to  most  indigenous  vegetation. 

3 

The  Marlatt  study  predicts  a  24-hour  concentration  level  of  7.2jugm/m     (3.8  ppb) 

for  nitrogen  oxides  during  inversion  conditions  in  Parachute  Creek  valley.    This 
predicted  rate  is  approximately  0.0001  percent  of  the  suggested  concentration 
level  that  would  cause  injury  to  indigenous  vegetation  and  0.0015  percent  of 
the  observed  2.5  ppm  4-hour  concentration  level  needed  to  cause  leaf  damage 
to  tomato  seedlings. 

The  Marlatt  study  for  the  Colorado  River  valley  predicts  a  maximum  nitrogen 

3 
oxide  concentration  level  of  1 . 9  ugm/m     (1 .  01  ppb)  for  Urban  Pattern  No .  Ill 

at  a  low  dispersion  rate  (Table  IV-11)  .    This  level  is  1/2,  500  of  the  threshold 

level  for  injury  to  tomato  seedlings  and  1/25,000  of  the  threshold  injury  level 

to  indigenous  vegetation. 
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3 
The  Battelle  study  predicts  a  single  3-hour  concentration  of  1,300  ugm/m 

(0.69  ppm)  annually  at  grid  point  135  (see  Figure  IV-1  for  location)  .    This 

maximum  3-hour  rate  is  approximately  3  times  below  the  concentration  level 

of  2.5  ppm  observed  to  cause  injury  to  tomato  seedlings  and  36  times  less 

than  the  25  ppm  observed  to  cause  injury  to  indigenous  vegetation. 

SULFUR  DIOXIDE  AND  NITROGEN  DIOXIDE  COMBINED 


When  SO„  and  NO„  are  both  present  as  pollutants,  vegetation  may  be  injured 
at  a  much  lower  concentration  because  of  the  synergism  of  the  two  gases . 
Plants  showing  this  synergistic  response  include  white  pine,  pinto  beans, 
oats,  tomatoes,  etc.    For  example,  studies  show  that  a  sensitive  type  of 
tobacco  was  not  injured  by  0.25  ppm  of  SO«,  nor  by  2  ppm  of  NO„,  when 
these  gases  were  administered  separately.    The  plants  were  severely  injured 
when  only  0.1  ppm  of  each  gas  were  added  together  (25)  . 


Other  studies  show  that  gas  mixtures  of  SO?  and  N02  may  act  synergistically 
(additively)  or  under  some  conditions,  antagonistically.    Research  indicates 
that  the  approximate  threshold  of  plant  injury  for  S02  and  NO„  together  is 
262  ;agm/m3  (100  ppb)  of  S02  and  188  jugm/m3  (100  ppb)  of  N02  for  an  ex- 
posure of  3  hours    (25)  . 

3 
Normally,  a  situation  will  occur  once  per  year  when  S09  exceeds  200  jjgm/m 

3 
and  N02  exceeds  188  ^igm/m  ,  providing  an  opportunity  for  the  combined 

S02/N02  concentrations  to  injure  vegetation.    But  during  inversions,  which 

occur  approximately  15  times  a  year  and  last  3  to  4  days  per  event,  sporadic 

cases  of  higher  localized  concentrations  may  occur . 


PARTICULATE  MATTER 

Little  is  known  about  the  effects  of  particulate  matter  on  vegetation  and  little 
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research  has  been  done  on  the  subject.    Published  literature  mostly  from 
Germany  is  confined  principally  to  settleable  dusts  emitted  from  kilns  of 
cement  plants  .    There  are  a  few  studies  on  effects  of  fluoride  dusts,  rust, 
and  particulate  matter  from  certain  types  of  metal  processing .    Most  of  the 
studies  done  to  date  dealt  with  specific  kinds  of  dust  rather  than  the  conglom- 
erate mixture  normally  encountered  in  the  atmosphere. 

The  significance  of  dusts  as  phytotoxicants  is  not  yet  entirely  clear  but  there 
is  considerable  evidence,  for  example,  that  certain  fractions  of  cement- kiln 
dust  adversely  affect  plants  when  naturally  deposited  on  moist  leaf  surfaces  (26) 
Some  of  the  components  found  in  marlstone  such  as  calcium  and  magnesium 
oxide  are  also  found  in  cement-kiln  dusts . 

Plant  injury  could  result  from  clogging  stomata  and  may  produce  necrotic 
spotting  if  it  carries  with  it  a  soluble  toxicant,  such  as  one  with  excess  acidity. 

A  problem  that  occurs  here  is  that  levels  of  dusting  or  leaf  and  plant  coatings 
that  would  prevent  levels  of  light  needed  for  photosynthesis  and  starch  forma- 
tion and  prevent  normal  gas  exchange  in  leaf  tissues  have  not  been  well 
established  (24)  .    Most  of  the  research  has  been  related  to  the  direct  effects  of 
dusts  on  leaves,  twigs,  and  flowers  as  opposed  to  indirect  effects  from  dust 
accumulation  in  the  soil.    Because  of  the  insufficient  experimental  results,  the 
tone  of  many  reports  is  directed  as  much  to  the  question  "Do  dusts  in  fact 
have  deleterious  effects  on  plants?"  as  to  the  question  of  extent  of  injury. 

It  has  been  observed  that  certain  fractions  of  cement-kiln  dust  adversely 
affect  plants  when  naturally  deposited  on  moist  leaf  surfaces .    Dry  cement-kiln 
dusts  appear  to  have  little  deleterious  effect.    It  is  possible  that  the  injurious 
ingredients  were  calcium  carbonate  (calcite)  and  magnesium  carbonate, 
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both  found  in  marlstone  (oil  shale  is  related  to  this  rock  type) ,  and  the  material 

used  to  manufacture  cement,  calcium  and  magnesium  oxide,  both  a  product  of 

processing  oil  shale  and  cement  in  the  form  of  emissions  as  particulate  matter . 

Moderate  damage  on  leaves  of  bean  plants  has  been  observed  when  dusted  with 

2 
8u  to  20u  size  cement-kiln  dust  at  a  rate  of  0.47  mgm/cm  /day  for  two  days  and 

followed  by  exposure  to  naturally  occurring  dew  (26)  .    At  levels  in  excess  of 

2 
0.1  mgm/cm  /day  over  periods  of  months  and  years,  incrustations  have  been 

observed  on  branches  of  fir  trees,  with  the  result  that  needles  fell  prematurely, 

shortening  each  succeeding  year's  flush  of  growth  when  incrustation  occurred. 

More  than  90  percent  of  the  estimated  average  of  373.6  Kgm/hr  of  particulate  matter 
to  be  emitted  from  the  plant  complex  will  be  from  the  retorts  of  the  preheat  systems, 
elutriator  systems,  and  shale  wetter.    The  particulate  matter  being  emitted  from 
these  sources  is  predominately  (approximately  65  percent)  processed  shale 
particules.    The  constituents  of  raw  shale  and  processed  shale  are  shown 
in  Tables  III— 1  and  IV-13,  respectively. 

For  comparison  purposes  an  assumption  will  be  made  that  all  emissions  of 

particulate  matter  predicted  in  the  Battelle  study  will  settle  on  vegetation  at 

a  predicted  grid  point.    The  Battelle  concentration  levels  are  given  in 

3 
ugm/m   ,  whereas  studies  referred  to  in  the  literature  of  effects  on  vegetation  use 

2 
mgm/cm    for  concentration  levels.    The  assumption  is  not  entirely  accurate 

since  a  given  grid  point  is  not  completely  covered  by  vegetation .    Ground 

cover  ranges  in  the  study  area  from  1  percent  to  approximately  50  percent. 

Rain  and  wind  will  also  tend  to  remove  particulate  matter  from  vegetation. 

At  any  rate,  the  assumption  will  present  a  worst  case  situation.    The  Battelle 

3 
study  predicts  a  maximum  annual  mean  concentration  level  of  10  pgm/m    . 

Assuming  a  100  percent  fallout  on  vegetation  within  the  boundaries  of  the 

predicted  maximum  annual  concentration,  the  concentration  would  be  about 

2 
0.  000001  mgm/cm    ,  or  1/470,  000  the  amount  observed  to  cause  injury  to 
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bean  plants,    A  single  24-hour  concentration  level  of  between  150  and 
300  ugm/m3  would  be  about  0.000015  or  15/470,001 
kiln  dust  observed  to  cause  injury  to  bean  plants. 


300  ugm/m3  would  be  about  0.000015  or  15/470,  000  below  the  level  of  cement  - 


3 

The  predicted  maximum  annual  mean  concentration  level  of  10  ugm/m    would  be 

1/10,  000  of  the  concentration  level  observed  to  cause  injury  to  fir  trees. 

The  particulate  size  of  the  shale  particles  is  not  known.    Also,  the  constituents 

of  cement  kiln  dust  causing  injury  and  those  in  raw  and  processed  shale 

may  not  be  the  same.    Incrustation  from  particulate  emissions  is  not  likely 

to  occur .    Until  more  definite  studies  of  particulate  matter  more  closely  resembling 

particulate  matter  from  the  proposed  plant  complex  are  completed,  an  accurate 

analysis  of  impacts  to  vegetation  is  impossible  to  predict.    Chances  for 

vegetation  injury  due  to  particulate  emissions  are  unlikely. 

TOTAL  HYDROCARBONS 

Hydrocarbons  were  first  recognized  as  phytotoxic  (poisonous  to  plants)  air 
pollutants  about  the  turn  of  the  century  as  a  result  of  complaints  of  injury  to 
greenhouse  plants  from  illuminating  gas.    Ethylene  was  shown  to  be  the 
injurious  component.    The  literature  reviewed  and  Colony's  studies  do  not 
indicate  the  proportions  of  ethylene  in  hydrocarbon  emissions  either  as  a 
result  of  combustion  at  the  plant  site  or  as  emissions  from  an  increased  human 
population.    Literature  indicates  that  ethylene  is  a  major  product  of  auto 
exhaust  (27)  .    As  a  result,  only  very  general  conclusions  can  be  given  here. 

The  Federal  ambient  air  quality  standards  for  nonmethane  hydrocarbons 

3 
are  set  at  a  3-hour  maximum ,  between  6  and  9A.M.,  of  160  pgm/m    for 

both  the  primary  and  secondary  standards.    These  standards  are  intended 

to  protect  the  public  welfare  from  any  known  or  anticipated  adverse  effects 

of  a  pollutant. 
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The  Battelle  study  predicts  a  maximum  single  occurrence  for    a  3-hour 

3 
concentration  of  total  hydrocarbons  of  between  200  and  300  jugm/m    .    The  time 

of  day  for  maximum  hydrocarbon  emissions  is  not  identified  in  the  study  though 

it  could  occur  during  the  6  to  9A.M.  time  period  established  by  Federal 

regulations.    Also,  as  mentioned  earlier,  a  high  degree  of  confidence  should 

not  be  placed  on  a  single  calculation  yielding  a  single  annual  occurrence. 


The  Marlatt  study  for  the  Parachute  Creek  valley  predicts  that  the  highest 
hydrocarbon  concentration  will  be 
11  percent  of  the  Federal  standard 


3 
hydrocarbon  concentration  will  be  19  jugm/m    between  6  and  9A.M.,  or  about 


Probably  as  important  as  the  reactive  hydrocarbons,    (e.g. ,  ethylene)  is  the 
ozone  produced  as  a  combustion  product  and  its  reaction  with  other  pollutants 
causing  photochemical  reactions.    These  relationships  have  not  been  estab- 
lished and  are  not  known  for  the  Colony  study  area. 

CARBON  MONOXIDE 

Plant  species  vary  widely  in  their  susceptibility  and  expression  of  symptoms 
toward  CO.    The  most  important  detrimental  responses  were:    epinasty  (downward 
curl)  and  hyponasty  (upward  curl)  of  leaf  stems;   increased  rate  of  aging  of 
leaves;   stimulation  of  abscission  of  leaves,  flower  buds,  and  fruits;  overgrowth 
of  lenticular  tissue;   retardation  of  stem  growth;   initiation  of  abnormal 
growth  from  young  stem  or  leaf  tissue;  and  modification  of  the  natural  response 
to  gravity,  causing  the  roots  to  grow  upward  out  of  the  soil.    Carbon  monoxide 
can  also  affect  microorganisms  causing  an  inhibition  of  nitrogen  fixation. 

3 
Research  indicates  that  exposure  to  carbon  monoxide  levels  below  115  mgm/m 

(100  ppm)  from  one  to  three  weeks  produced  no  detrimental  effects  on  the  higher 

type  plant  life.    Nitrogen  fixation  by  free-living  bacteria  was  inhibited  at 
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3 
exposures  of  2,300  mgm/m     (2,000  ppm)  of  carbon  monoxide  for  35  hours. 


Nitrogen  fixation  by  efficient  nitrogen-fixing  bacteria  in  clover  roots  was 
also  i: 
(28). 


3 
also  inhibited  by  115  mgm/m    of  carbon  monoxide  when  exposed  for  one  month 


The  Battelle  study  predicts  the  highest  mean  monthly  concentration  level  of 

3 
carbon  monoxide  as  being  1.67ugm/m     (1.46  ppb)  (1)  .    The  predicted  level 

is  1.46/100,000  of  the  necessary  concentration  level  observed  to  cause  damage 

to  plants . 


The  Battelle  study  predicts  a  single  annual  occurrence  of  a  3-hour  concentration 

3 
of  between  50  and  75  ugm/m     (43  to  66  ppb)  at  grid  point  135.    This  maximum  3- 

3 
hour  concentration  is  66/100,000  of  the  115  mgm/m    level  at  whch  a  time  duration 

of  one  week  to  one  month  exposure  time  is  needed  to  cause  observable  effects 

on  plants.    In  view  of  this  and  foregoing  information  concerning  carbon  monoxide 

effects,  little  or  no  impact  on  vegetation  and  associated  microorganisms  seems 

probable. 


FIRE 


Development  of  the  proposed  project  will  involve  2,400  construction  workers, 
1,040  permanent  employees,  and  an  estimated  permanent  population  increase 
of  4, 100  people.    With  any  project,  especially  one  of  this  size,  there  is  always 
the  chance  of  accidental  fires  starting  which  would  spread  to  the  surrounding 
vegetation.    With  increased  travel  and  recreational  use  associated  with  the 
increase  in  population,  the  risk  of  starting  wildfires  increases.    Causes  of 
fires  are  usually  related  to  careless  disposal  of  cigarettes,  sparks  from  ex- 
haust stacks,  welding,  burning  of  waste  materials,  volatile  liquids,  accidental 
spills  of  various  chemicals  and  liquids,  warming  fires,  campfires,  and  vehicle 
exhausts. 

The  impact  of  fire  on  vegetation  will  vary  with  location,  time  of  year,  and 
climatic  factors.    Depending  on  heat  intensity,  complete  or  partial  destruction 
of  vegetation  could  occur.    The  number  of  fires  and  area  involved  cannot  be 
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predicted  .    Impact  on  vegetation  from  fire  resulting  from  the  proposed  action 
is  indeterminable. 

SUMMARY 

The  most  readily  observable  impact  on  vegetation  will  be  physical  damage  and 
destruction  caused  as  a  result  of  movement  of  construction  equipment  and 
vehicles  over  the  individual  plants  themselves,  and  the  removal  of  vegetation 
from  a  particular  area.    This  type  of  damage  will  primarily  occur  within  pipe- 
line and  powerline  corridors,  and  abound  the  perimeter  of  structures  such  as 
the  oil  shale  retort/upgrading  complex.    An  estimated  2, 196  acres  of  land  sup- 
porting vegetation  will  be  disturbed  to  varying  degrees  in  this  manner.    An 
additional  1,889  acres  of  vegetation  will  be  removed  for  construction  of  pro- 
ject structures.    Additional  effects  on  vegetation  may  result  from  petroleum 
products  spills,  uncontrolled  fires,  and  off-road  vehicle  use.    Qualitatively, 
some  of  these  effects  have  been  identified  but  not  quantified,  since  it  is 
impossible  to  predict  where,  when,  how  large,  and  the  frequency  of  breaks 
or  spills  of  petroleum  products. 

The  effects  of  air  pollutants  on  vegetation  have  not  been  well  established.    It 
is  possible  that  concentration  levels  of  sulfur  dioxide  and  nitrogen  dioxide, 
separately  and  combined,  may  occasionally  rise  above  the  threshold  level  of 
injury  to  plants.    Analysis  of  the  Battelle  study  indicates  that  concentrations 
high  enough  to  cause  threshold  damage  may  occur  once  or  twice  a  year,  although 
the  confidence  level  for  this  prediction  is  not  high.    Should  these  occurrences 
take  place,  increased  mortality  of  the  affected  vegetation  should  not  occur  but 
vegetative  productivity  may  be  slightly  affected.    Impacts  to  vegetation  in 
light  of  the  predicted  pollutant  levels  should  be  negligible. 

If  other  oil  shale  plants  are  developed  in  the  general  area  of  the  proposed 
Colony  plant,  in  order  to  utilize  Colony's  proposed  pipeline,  the  effects  of  air 
on  vegetation  will  be  much  worse. 

Probably  more  important  is  how  vegetative  productivity  will  be  affected  in 
terms  of  its  total  relationship  to  the  surrounding  environment.    For  example, 
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damage  to  and  reduction  in  number  of  individual  plants  will  reduce  wild- 
life habitat,  forage  production,  and  soil-holding  capability,  resulting  in 
increasing  erosion  rates,  soil  losses,  and  possible  increased  T.D.S.  and  sediment 
levels  in  streams.    In  some  cases,  forage  production  in  terms  of  AUM's  was  shown 
to  give  the  reader  an  idea  of  one  type  of  vegetative  productivity  where  the  vege- 
tative community  or  type  could  be  identified  with  some  accuracy.    Even  with 
this  type  of  quantification,  only  rough  estimates  could  be  made,  since  quantita- 
tive physical  damage  to  vegetation  will  vary  greatly  within  pipeline  rights-of-way, 
depending  on  intensity  of  equipment  and  vehicle  movement,  the  type  of  vegetation 
in  any  given  location,  the  time  of  year,  etc.    At  best,  the  AUM  determination 
is  what  forage  is  available,  not  what  is  used  by  domestic  animals  and  certain 
types  of  wildlife.    AUM  figures  for  areas  that  will  be  covered  by  structures 
are  more  accurate  in  terms  of  what  those  acreages  are  capable  of  producing 
as  forage.    Probably,  however,  most  of  the  wildlife  that  would  use  these  areas 
for  forage  will  be  driven  off  as  a  result  of  industrial  activity.    As  a  result 
of  the  variables  and  unknowns  involved  in  identifying  effects  to  vegetative 
productivity  in  terms  of  its  relationship  to  the  eco-system,  only  general 
observations  were  made. 

FISH  AND  WILDLIFE 

Wildlife  will  be  adversely  affected  by:     destruction  or  alteration  of  habitat  and 
reduced  quantities  of  forage  as  a  result  of  construction  activities;  harassment 
as  a  result  of  human  and  mechanical  intrusions;  the  possibility  of  poisoning  as 
a  result  of  petroleum  and  petroleum-related  product  spills;  harrassment  during 
oil  spill  recovery  activities;  and  poaching  or  indiscriminate  killing  of 
animals .    Accessibility  to  areas  created  by  clearing  activities  in  pipeline 
and  powerline  rights-of-way  and  the  increase  in  population  could  contribute 
to  poaching  and  indiscriminate  killing  of  animals  and  will  lead  to  increased 
hunting  pressure. 
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THREATENED  AND  ENDANGERED   SPECIES 

The  peregrine  falcon,  if  present,  would  be  affected  by  loss  of  cliff  habitat. 
This  loss  would  be  due  to  the  construction  of  the  access  road  and  mine  venti- 
lation openings.    Hunting,  poaching  and  human  disturbance  could  cause  the 
falcons  to  leave  the  area . 

The  black-footed  ferret,  if  present,  could  be  affected  by  the  loss  of  prairie 
dog  towns  due  to  the  construction  of  the  pipeline.    Human  disturbance  could 
also  have  an  effect  on  the  ferrets . 

The  endangered  fish  species  in  the  Colorado  River  could  be  affected  by  the 
Colorado  River  crossing.    Silt,  changing  water  flows,  and  disturbance  may 
affect  these  fish  especially  during  the  spawning  season.   Impacts  ranging 
from  move  to  total  elimination  could  result  from  an  oil  spill  or  discharge 
of  various  toxic  chemical  substances.    Failure  of  the  Davis  Gulch  dam  would 
have  a  serious  effect  on  the  fish  in  the  Colorado  River . 

All  of  the  above  impacts  are  further  analyzed  in  the  following  sections  but 
are  presented  here  in  a  summary  form. 


DOW  WEST  PROPERTY 

Construction  of  mining  and  processing  facilities,  roads,  and  the  processed 
shale  embankment  in  Davis  Gulch  will  affect  an  area  totaling  approximately 
1,  200  acres  of  basically  sagebrush  habitat.    The  wildlife  habitat  on  the  Dow 
West  property,  including  the  337  acres  of  the  proposed  land  exchange,  is 
similar  to  the  surrounding  plateau  habitat.    The  sagebrush  community  is 
abundant  in  the  region  and  the  loss  is  not  considered  to  be  significant. 
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Habitat  loss  could  have  a  moderate  to  major  adverse  effect  on  small  mammal 
and  summer  bird  populations  presently  utilizing  the  plateau  plant  site  area 
and  Davis  Gulch.    Such  a  loss  could  be  considered  short-term  (20-plus  years) 
during  the  operational  period  of  the  plant  and  disposal  site. 

WILDLIFE 

The  plateau  is  mule  deer  summer  range,  which  is  not  believed  to  be  limited 
to  the  Piceance  deer  herd  according  to  the  Colorado  Division  of  Wildlife.    Sage- 
brush is  little  utilized  by  mule  deer  on  summer  range  areas.    The  primary 
browse  plants  (mountain  mahogany,  serviceberry,  and  bitterbrush)  will  be 
impacted  to  a  lesser  degree. 

The  precise  number  of  mule  deer  utilizing  the  Dow  West  property  for  summer 
range  is  not  included  in  Colony's  studies.    The  Colorado  Division  of  Wildlife 
estimates  an  overall  summer-winter  density  of  15-1  mule  deer  for  the  Parachute 
Game  Management  Unit,  Unit  #32,  which  includes  the  Dow  West  property  of 
4,  000  acres  of  land  . 

An  estimated  95  deer  utilize  this  land  as  summer  range.    This  figure  is  con- 
servative since  75  percent  of  Unit  #32  is  summer  range  and  the  estimate  is 
for  the  total  summer-winter  (overall)  density. 

Loss  of  this  acreage  will  probably  cause  a  certain  number  of  deer  to  move  to 
adjacent  areas  and  become  competitive  with  the  ones  already  occupying  the 
area.    This  could  result  in  some  minor  loss  of  deer  numbers,  assuming  that 
the  adjacent  habitat  is  already  at  its  maximum  carrying  capacity  (i.e. ,  sup- 
porting all  the  deer  that  it  can  under  present  conditions)  .    Sage  grouse  are 
dependent  on  sagebrush  for  food  and  cover  on  virtually  a  year-round  basis, 
but  field  investigations  indicated  that  grouse  are  rare  in  the  immediate  area 
of  the  Dow  West  property. 
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Aspen  groves  and  Douglas  fir  forests  on  the  plateau  represent  valuable  mammal 
and  bird  habitats  that  add  importantly  to  biological  diversity.    These  stands 
are  small  and  scattered  in  nature,  and  minimal  destruction  is  anticipated. 
Some  trees  will  be  removed  or  covered  at  the  mine  bench  in  Middle  Fork 
canyon,  and  by  the  processed  shale  embankment  in  Davis  Gulch.    Because 
of  the  relatively  small  number  of  trees  affected,  the  impact  on  wildlife  should 
be  minor . 

The  rim  country  around  the  canyons  of  the  Parachute  Creek  area  provide 
habitat  for  several  important  animal  species.    Mountain  lion  and  golden 
eagle  use  the  rock  ledges  for  den  and  nest  sites  and  the  adjacent  terrain 
for  hunting .    The  physical  alteration  of  cliff  faces  and  slopes  that  will  be 
required  for  construction  of  the  minexportal  bench  and  associated  facilities 
will  be  restricted  to  the  central  portion  of  Middle  Fork  canyon.    Because 
of  the  localized  nature  of  this  disturbance  and  its  small  geographical  area, 
actual  habitat  loss  to  mountain  lion,  golden  eagle,  or  other  species  depen- 
dent on  the  cliffs  for  habitat  is  expected  to  be  minor,  with  little  impact  on 
the  species.    Construction  on  or  near  the  cliff  faces  during  the  March  to 
July  breeding  and  brooding  season  could  adversely  affect  the  reproduction 
for  that  year . 

The  valley-plateau  access  road  now  being  planned  from  Middle  Fork  will 
border  and  cut  through  some  of  the  cliff  habitat  and  deer  winter  range  on 
the  west  side  of  Middle  Fork  canyon  just  south  of  Davis  Gulch.    The  road 
will  destroy  some  rocky  habitat,  although  the  precise  location  and  extent 
has  not  been  established  at  this  time.    In  addition  to  the  impact  resulting 
from  habitat  loss,  traffic  and  noise  will  adversely  affect  wildlife  on  areas 
adjacent  to  the  road .    The  nature  of  the  terrain  and  limited  flexibility  of 
road  grade  and  design  will  result  in  a  moderate  adverse  impact  to  wildlife 
using  this  habitat. 
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The  preferred  habitats  of  most  reptilian  species  on  the  Dow  West  area  are  the 
rocky,  south-facing  valley  slopes  and  the  densely  vegetated  valley  areas  near 
streams.    Impacts  to  these  preferred  habitats  and,  consequently  these  species, 
are  expected  to  be  negligible.    There  are  no  endangered  reptilian  or  amphibian 
species  in  the  area  or  critical  habitats  that  will  be  significantly  damaged . 

Streams,  springs,  and  seeps  are  valuable  habitats  for  many  forms  of  wildlife 
and  a  source  of  water  for  all  wildlife  in  the  area.    Impact  on  wildlife  will  occur 
from  a  reduction  of  flow  (55  -  70  percent)  in  the  Middle  Fork  of  Parachute  Creek 
below  Davis  Gulch.    Springs  in  Davis  Gulch  and  Middle  Fork  will  probably  dry 
up  or  have  reduced  flows,  due  to  aquifer  dewatering  during  mining  operations. 
This  reduction  or  loss  of  flow  and  its  impact  on  wildlife  habitat  and  species 
will  last  for  the  life  of  the  project  (20  years)  .    If  subsidence  occurs,  the  loss 
of  these  springs  and  seeps  will  be  permanent.    The  loss  of  water  will  affect 
aquatic  as  well  as  terrestrial  wildlife  and  vegetation.    Aquatic  life  will  be 
directly  impacted,  probably  resulting  in  reduction  of  numbers.    Terrestrial 
species  will  be  forced  to  seek  water  elsewhere,  resulting  in  an  impact  on  other 
areas  which  are  in  all  likelihood  supporting  the  maximum  number  of  animals 
possible.    This  could  ultimately  result  in  the  local  disappearance  of  some  species 

The  plant-mine  bench  access  road  from  the  Dow  West  property  boundary  will 
reduce  deer  population  as  well  as  presenting  a  danger  to  motorists .    Vehicle 
speeds  high  enough  to  cause  collision  with  deer  could  be  obtained  on  the 
first  mile  of  the  access  road.    Steep  grades  and  sharp  curves  for  the  remain- 
ing 4.5  miles  will  reduce  vehicle  speeds  and  potential  vehicle-wildlife  collisions. 

The  most  critical  time  of  the  year  is  from  fall  to  early  spring  when  cold  tempera- 
tures and  deep  snows  cause  the  deer  to  seek  lower  elevations .    Large  concen- 
trations have  been  observed  near  the  existing  road  during  these  times. 

AQUATIC  LIFE 

The  construction  phase  of  the  plant  complex,  dams,  roads,  and  mine  bench, 
will  increase  erosion,  resulting  in  increased  siltation  and  suspended  solids 
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in  the  upper  reaches  of  Parachute  Creek  (Middle  Fork  and  Davis  Gulch)  . 
The  greatest  increases  in  silt  and  suspended  solids  will  result  during 
construction  of  the  plant  and  mine  bench  road  and  the  mine  bench  amounts 
entering  the  creek  will  depend  on  care  taken  during  construction,  but 
in  any  case,  is  not  quantifiable. 

Completion  of  construction  will  diminish  greatly  amounts  of  silt  and  suspended 
solids  entering  the  stream .    Some  increases  in  these  items  will  be  longer-term 
as  a  result  of  increased  runoff  of  impervious  surfaces  and  the  coarse  ore 
storage  site. 

The  effects  of  silt  and  suspended  solids  on  aquatic  life  will  be: 

-  Direct  action  on  fishes  or  other  organisms  swimming  in  the  water: 
killing  them;  reducing  the  rate  of  growth;  decreasing  resistance  to 
disease  and  similar  actions. 

-  Prevention  of  successful  development  of  eggs  and  larvae. 

-  Modification  of  natural  movements  and  migration  of  organisms. 

-  Reduction  of  abundance  of  food  available  to  aquatic  organisms. 

The  reduction  in  populations  of  invertebrates  upon  which  fish  prey,  and  fish 
themselves,  will  depend  on  actual  amounts  of  silt  and  suspended  material 
introduced  into  the  stream.    After  construction,  the  natural  flushing  of  the 
stream  bed  during  spring  runoff  will  tend  to  carry  away  the  sediments  and 
expose  substratum  upon  which  the  invertebrates  depend  for  attachment  and 
refuge. 

Inventories  of  the  Middle  Fork  and  main  Parachute  Creek  to  a  point  about  4 
miles  downstream  near  the  Lindauer  Ranch  show  no  native  species  of  fish 
(see  Figure  111-55  for  locations)  .    Below  this  point  to  the  Colorado  River, 
suckers,  carp,  Roundtain  chub,  and  dace  exist  at  varied  densities   (29)  . 

Various  species  of  amphibians  and  reptiles,  mostly  lizards  and  snakes,  are 
native  to  the  Middle  Fork  and  main  Parachute  Creek. 
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Parachute  Creek,  from  a  point  6  miles  above  Grand  Valley,  and  the  last  1.5 
downstream  miles  of  the  Middle  Fork  of  Parachute  Creek  are  stocked  with  cut- 
trout  and  rainbow  trout  during  May.    In  the  above  described  section  of  the 
stream  386  and  480  pounds  of  trout  were  released  during  1974  and  1975,  . 

Since  the  quantitative  amounts  of  silt  and  suspended  solids  cannot  be  esti- 
mated, a  worst  case  situation  will  be  discussed.    The  assumption  will  be  that 
as  a  result  of  construction  activities  on  the  Dow  West  property,  enough  silt 
and  suspended  solids  were  added  to  the  Middle  Fork  to  kill  all  the  trout  and 
disturb  much  of  their  habitat. 

These  increased  silt  and  suspended  solids  probably  would  not  severely  disturb 
the  native  species  of  fish  that  exist  6  miles  and  farther  downstream .    The  large 
river  endemic  fishes  have  evolved  with  periodic  high  siltation,  and  as  such, 
would  not  be  affected  as  much  as  trout. 

Sediments  carried  by  Parachute  Creek  are  unlikely  to  have  a  perceptible  effect 
on  the  fish  populations  in  the  Colorado  River  unless  they  are  chemically  toxic . 
The  flow  of  the  creek  is  so  small  in  comparison  to  that  of  the  river,  any  contri- 
bution of  the  creek  is  insignificant  in  terms  of  sediment  load .    Toxic  chemicals 
are  discussed  in  the  section  on  the  Parachute  Creek  valley. 

Natural  flushing  of  the  stream  bed  during  spring  runoff  will  tend  to  carry  away 
sediments  and  expose  substratum  that  invertebrates  depend  on  for  attachment 
and  refuge.    Both  dams  will  reduce  this  scouring  action  by  approximately  13 
percent  in  the  Middle  Fork  of  Parachute  Creek  below  its  confluence  with  the 
East  Middle  Fork,  a  distance  of  about  2  miles.    Scouring  action  could  be 
reduced  up  to  5  percent  in  Parachute  Creek  below  its  East  and  West  forks . 
Scouring  action  would  more  closely  approach  normal  at  the  junction  of  each 
tributary  downstream . 

Invertebrates,  because  of  their  ability  for  rapid  recovery  rate,  would  re- 
establish themselves  to  a  point  within  one  year  sufficient  to  support  trout  from 
a  stocking  program.    Planting  could  occur  the  second  May  after  construction 
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phase  completion.    Under  the  assumption  of  a  worst  case  condition,  the 
impacts  would  be  a  short-term  loss. 

It  is  not  likely  that  a  worst  case  situation  will  occur .    Probably  there  will  be 
a  decrease  in  all  aquatic  life  including  trout  that  will  recover  in  a  year  or  so 
to  a  near  original  condition.    Increased  sedimentation  and  its  effect  on  the 
stream's  aquatic  life  will  depend  a  great  deal  on  the  amounts  introduced  to 
the  stream — the  larger  the  amounts  the  greater  the  impacts. 

Increased  fishing  pressure  as  a  result  of  an  increase  in  people  would  more 
rapidly  diminish  the  stocked  trout  population.    However,  increased  fishing 
pressure  could  also  induce  the  State  to  increase  its  stocking  program  for 
trout.    The  Colorado  River  Cutthroat  trout  should  not  be  affected  by  the 
proposed  action . 

SHALE  OIL  PIPELINE  CORRIDOR 

LARGE  UNGULATES   (DEER,  ELK,  ANTELOPE) 

Construction  activity,  if  occurring  during  the  fawning  season,  could  result 
in  the  death  of  newborn  or  separation  from  the  mother.    This  possibility  is 
remote  though  possible.    Antelope  populations  are  small,  they  are  quite 
mobile,  and  no  impact  is  anticipated. 

Construction  activities  will  scare  off  game  from  the  vicinity,  decreasing  the 
chances  of  hunter  success  in  the  vicinity  of  the  pipeline. 

The  construction  schedule  calls  for  approximately  one-half  mile  of  pipeline 
to  be  constructed  per  day.    Therefore,  the  construction  activity  will  not 
be  in  any  localized  area  for  a  large  period  of  time. 

The  vegetation  that  will  be  disturbed  by  pipeline  construction  may  have  some 
impact  on  the  large  ungulates.    An  estimated  245  acres  of  mountain  shrub 
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communities  will  be  disturbed .    This  will  occur  along  a  40-mile  segment  of 
pipeline  route  on  the  Roan  Plateau  and  is  within  the  deer  summer  range. 
The  disturbance  of  245  acres  of  mountain  shrub  is  not  considered  to  be  a 
major  impact.    There  are  many  thousands  of  acres  of  identical  vegetation  on 
the  Roan  Plateau  and  this  loss  of  forage  will  not  be  significant. 

The  aspen  and  conifer  stands  that  may  be  disturbed  could  have  a  slight  effect 
on  wildlife.    These  stands  are  used  for  resting  and  some  browsing.    The 
amount  of  disturbance  is  expected  to  be  minimal  and  the  impact  on  large 
ungulates  will  be  insignificant. 

The  loss  of  136  acres  of  pinyon-juniper  and  200  acres  of  greasewood  is  con- 
sidered insignificant  when  compared  to  the  entire  pipeline  route  and  the  vast 
acreages  of  these  2  vegetative  communities  that  are  available  and  undisturbed. 
The  475  acres  of  salt  desert  shrub,  24  acres  of  blackbrush,  and  80  acres  of 
desert  grasslands  will  have  a  small  impact  on  antelope  and  deer.    These 
communities  do  supply  the  major  portion  of  the  antelope's  diet.    However,  due 
to  the  small  numbers  of  antelope  and  the  large  amount  of  these  vegetative  com- 
munities available,  the  impact  should  be  minor.    The  proposed  pipeline  route 
passes  through  approximately  72  miles  of  antelope  range  and  17  miles  of  deer 
winter  range.    See  Figures  III-71a  and  71b  for  location  of  the  ranges. 

An  estimated  15  acres  of  the  marsh  at  Moab  will  be  disturbed.    Since  the  marsh 
covers  about  1,500  acres,  this  amount  of  disturbance  is  considered  minimal 
and  the  effect  on  the  few  resident  deer  will  be  negligible. 

CARNIVOROUS/OMNIVOROUS  MAMMALS 

These  species  range  from  extremely  scarce  and  endangered  black-footed 
ferret  through  the  slightly  more  numerous,  but  still  relatively  rare,  mountain 
lion  and  black  bear,  to  the  relatively  abundant  bobcat  and  coyote.    Effects 
on  these  mammals  will  be  minor. 
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Construction  of  the  pipeline  will,  for  the  entire  length,  take  about  one  year. 
Relatively  small  amounts  of  habitat  will  be  destroyed  and  disturbed  and  will 
for  most  part  recover  within  several  years . 

Currently  a  road  capable  of  sustaining  four-wheel  drive,  pickup,  and  in 
many  areas  sedan  traffic,  exists  along  all  but  3  miles  of  the  proposed  pipeline 
route  over  the  Roan  Plateau  to  the  Grand  Valley  Desert  area,  a  distance  of 
about  60  miles.    Habitat  in  the  area  is  capable  of  supporting  mountain  lion, 
black  bear,  and  bobcat,  along  with  coyote.    As  a  result  of  previous  road 
construction  and  light  vehicle  traffic,  the  more  secretive  territorial  animals 
have  adjusted  to  this  intrusion  along  with  the  ready  access  this  road  provides 
for  hunters.    The  addition  of  construction  activities  of  a  pipeline  along  this 
road  should  have  little  effect  on  these  types  of  animals. 

If,  in  fact,  the  carnivorous  animals  have  returned  to  the  proposed  pipeline 
route  vicinity,  construction  activities  during  the  late  spring  and  summer  will 
drive  them  away  and  they  would  have  to  readjust  their  territorial  boundaries. 

Construction  crews  could  possibly  kill  a  few  coyotes  and  bobcats  though  this 
is  unlikely.    It  is  also  unlikely  that  a  bear  or  mountain  lion  will  even  be  seen 
during  construction.    Construction  of  the  pipeline  should  take  between  6  weeks 
and  2  months  along  the  Roan  Plateau  and  Book  Cliffs  area. 

Colony  proposes  to  use  the  existing  road  only  for  pipeline  maintenance  after 
completion  of  construction .    Routine  pipeline  inspection  will  be  accomplished 
by  the  use  of  aircraft. 

OTHER  MAMMALS 

A  limited,  localized  destruction  of  small  mammals  and  their  habitat  may  result 
along  the  pipeline  path.  Once  backfilling  and  covering  of  the  pipeline  trench 
is  completed,  the  area  would  most  likely  be  reinvaded  by  these  species.    Shifts 
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in  species  compositions  may  result,  however,    For  example,  in  the  southern 
two-thirds  of  the  route,  white-footed  deer  mice,  which  now  exist  along  the  El 
Paso  Natural  Gas  pipeline  berm,  may  replace  kangaroo  rats  and  pocket  mice. 
On  the  Roan  Plateau,  the  deer  mice  may  replace  harvest  mice.    The  proposed 
route  passes  through  five  prairie  dog  towns  and  close  to  four  others.    See 
Figure  III-71a  &  71b  for  locations.    An  estimated  50  prairie  dogs  will  be  killed 
by  the  construction  of  the  proposed  pipeline  through  five  major  prairie  dog 
towns .    In  addition  animals  could  be  disturbed  and  forced  to  move  temporarily 
or  dig  new  homes  away  from  the  pipeline. 

RAPTORIAL  BIRDS 

The  impact  involved  with  these  species  results  from  a  disturbance  during 
reproductive  activities.    If  disturbance  by  human  activity  occurs  during  the 
nesting  cycle  or  during  periods  of  food  scarcity,  some  raptors  may  abandon 
their  nests.    This  type  of  impact  on  the  rarer  eagles,  peregrine,  and  prairie 
falcons  could  have  an  important  long-term  effect  on  their  population  while 
the  more  common  sparrow  and  Swainson's  hawks  would  recover  quickly 
from  any  local  disturbance.     Figures  III-71a  and  71b  show  the  location  of 
active  nests  during  1973. 

GAMEBIRDS 

The  3  possible  major  impacts  on  gamebirds  are:    alteration  of  sage  grouse 
strutting  grounds;  disturbance  during  the  strutting  period  (March  through 
May);  and  disturbance  to  nests  and  young  of  both  sage  and  blue  grouse. 
Whether  or  not  construction  would  cause  a  permanent  loss  of  breeding 
grounds  is  unknown.    The  number  of  strutting  grounds  which  may  be 
crossed  by  the  pipeline  is  unknown .    Alteration  of  strutting  grounds  would 
cause  some  loss  in  population  numbers. 
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AQUATIC  BIRDS 

Habitat  destruction  of  nesting  and  brooding  areas  is  possible  in  the  Moab 
marsh.    The  great  blue  heron,  snowy  egret,  Canada  goose,  other  waterfowl, 
and  songbirds  nest  in  this  area  and  could  be  affected  by  any  loss  of  nests. 

SONGBIRDS 

Disruption  or  destruction  of  nesting  sites  during  construction  would  involve 
a  local  impact  through  the  removal  of  trees  and  shrubs  and  disturbance  of 
ground  nests. 


FISH 


Construction  activities  may  significantly  add  to  the  suspended  solids  concen- 
tration of  Kane  Springs,  a  creek  with  a  relatively  low  suspended  solids  load 
compared  to  other  streams  in  the  region  (2)  .    The  mouth  of  Kane  Springs  at 
the  Colorado  River  is  a  spawning  area  for  various  fish  species.    Increased 
suspended  solids  from  construction  will  adversely  affect  the  fish  during  mid- 
June  and  early  July,  which  are  periods  of  spawning .    Mill  Creek  would  also 
be  impacted  in  a  similar  manner . 

Roan  Creek  harbors  a  small  trout  population .    Increased  sediment  loads 
during  the  construction  phase  of  the  project  will  adversely  affect  these  popu- 
lations during  the  spawning  season.    If  increases  in  sediment  levels  are 
severe  enough  mortality  would  occur.    Reduction  in  vegetative  cover  through 
construction  activities  may  increase  the  streamloading  from  erosion  to  levels 
prohibiting  successful  reproduction  of  aquatic  species. 

Fish  habitat  will  be  destroyed  within  the  cofferdam  area  during  the  pipeline 
crossing  of  the  Colorado  River .    Habitat  will  also  be  disturbed  as  a  result  of 
increased  silt  levels  and  turbidity.    Both  the  destroyed  and  disturbed  habitat 
should  recover  within  a  season  after  construction  is  completed. 
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The  impact  of  oil  spill  recovery  and  clean-up  activities  would  be  similar 
to  those  described  by  construction  activities.    The  severity  of  the  impacts 
depend  on  spill  size,  location,  and  time  of  year.    Should  substantial 
quantities  of  oil  be  released  from  the  pipeline  to  the  aquatic  environment, 
the  impact  on  water  quality  would  be  severe.    In  this  case,  oil  released  to 
fast-moving  streams  would  result  in  well  defined  oil  slicks  which  would 
move  with  the  water  mass.    Oil  tends  to  adhere  to  any  particle  or  debris 
surface  and  concentrates  in  areas  of  slow  velocities  and  in  nearshore  eddies. 

The  impact  of  an  oil  spill  on  fish  would  depend  on  such  variables  as  time  of 
year,  amount  of  oil  spilled,  type  of  oil,  and  time  exposed  to  the  oil.    Liter- 
ature on  spills  and  aquatic  resources  deals  mainly  with  marine  ecosystems 
and  are  discussed  below. 

Direct  toxicity  to  fish  is  probable.    However,  riffles  may  present  a  problem  as 
turbulence  mixes  oil  and  water.    Here,  even  deep  areas  may  not  be  safe  from 
suspended  oil  globules.    Therefore,  an  oil  spill  in  more  turbulent  tributaries 
of  the  Colorado  River  would  be  dangerous.    In  addition,  the  quiet  backwaters 
(nursery  areas  for  fish)  could  be  a  potential  problem  from  a  spill.    Young 
fish  are  less  tolerant  to  oil  toxicity  than  adults.    An  oil  layer  in  the  backwater 
shores  would  be  a  threat  to  bottom-feeding  fish  (such  as  humpback  sucker)  in 
that  it  could  decrease  secondary  production  when  the  shores  are  submerged 
at  higher  water  levels.    Oil  adsorbed  on  clay  particles  may  settle  in  slow- 
moving  water  areas,  having  the  same  effect. 

Table  IV- 17  shows  the  results  of  studies  conducted  on  the  toxicity  of  shale  oil 
to  channel  catfish  that  can  be  equated  to  both  backwaters  (static  conditions) 
and  in  flowing  streams  (dynamic  conditions)  .    This  is  presented  to  assist  in 
establishing  a  level  of  reference  concerning  oil  toxicity.    Toxicity  levels 
of  other  fish  species  of  the  lower  Colorado  River  are  unknown. 

Table  IV- 18  provides  data  on  how  many  barrels  of  shale  oil  would  be  needed 
to  reach  channel  catfish  toxicity  levels  at  flow  rates  measured  at  Cisco,  Utah. 
The  Dolores  River  enters  the  Colorado  River  between  Cisco  and  the  Moab 
pipeline  crossing,  increasing  the  flows  at  Moab  above  those  shown  at  Cisco. 
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TABLE  IV-17 
SUMMARY  OF  TL5Q  (a)  ACUTE  TOXICITY  VALUES  TO  CATFISH   (17) 

Upgraded  Shale  Oil 

Under  static  test  procedure  conditions 
Fish  Species  24-Hour  96-Hour 

Catfish  1000  ppm  1000  ppm 

Under  dynamic  test  procedure  conditions 
Fish  Species  24-Hour  96-Hour 

Catfish  1000  ppm  1000  ppm 

(a)    50  percent  fish  kill  in  96  hours 


TABLE  IV- 18 
SHALE  OIL  TOXICITY  LEVEL  FOR  CHANNEL  CATFISH  (17) 

GPS  to  Reach 
Average  Gallons  to  =       Toxicity  Level  Toxicity 

Stream  Annual  Flow  1  ppm  to  Fish  (a)  Level  (b) 

Colorado  River 

at  Cisco,  Utah  7,666cfs  .057  1,000  ppm  57  gal. 

(a)  Table  IV-17 

(b)  Column  4  =  Column  2  x  Column  3  (GPS-Gallons  per  second) 


Assuming  a  break  at  the  Colorado  River  crossing,  the  automatic  shutoff  valves, 
located  on  each  river  bank,  close  in  90  seconds.    Considering  48,000  barrels 
travel  through  the  pipeline  every  24  hours,  one-half  barrel  (21  gallons)  pass 
a  given  point  every  second .    With  the  90-second  shutdown  time  on  the  valves, 
approximately  45  barrels  (1,890  gallons)  of  oil  would  escape  into  the  river 
before  the  valves  close.    At  full  capacity  of  150,  000  barrels  per  day,  approxi- 
mately 7,200  gallons  would  escape.    Twenty-one  gallons  per  second  is  less 
than  half  the  toxicity  level  and  would  have  limited  effect  on  catfish.    The 
influence  of  added  flow  from  the  Dolores  River  would  lessen  the  effects. 
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The  lowest  recorded  flow  at  Cisco,  Utah  is  588  cfs.    If  a  break  occurred 
when  the  river  was  at  this  level  then  the  toxicity  level  for  catfish  would  be 
approached  more  closely,  see  Table  IV-18a. 


TABLE  IV- 18a 
SHALE  OIL  TOXICITY  LEVEL  FOR  CHANNEL  CATFISH  (17) 

GPS  to  Reach 
Lowest  Gallons  to  =       Toxicity  Level  Toxicity 

Stream  Recorded  Flow  1  ppm  To  Fish  (a)  Level  (b) 

Colorado  River 

atCisco,Utah  588  .264  1,000  ppm  26  gal. 

(a)  Table  IV- 17 

(b)  Column  4  =  Column  2  x  Column  (GPS-Gallons  per  second) 


Large  mammals,  such  as  deer  and  elk,  might  suffer  adverse  effects  from  oil 
spills  by  eating  contaminated  vegetation,  licking  oil-saturated  fur,  or  drinking 
from  oil-contaminated  water  sources.    The  adverse  effects  might  result  through 
toxic  effects  of  the  oil  or  interference  with  digestion.    Dosages  required  to 
adversely  affect  these  mammals  are  not  known .    The  threat  of  oil  spills  to  bird 
species  depends  on  location,  volume,  and  season.    The  greatest  impact  would 
occur  along  the  marsh  north  of  Moab  where  resident  and  migratory  species  of 
both  songbirds  and  water  birds  occur  in  the  unique  habitat  of  this  portion  of 
the  Colorado  River .    There  have  been  reports  of  losses  of  ducks  and  geese 
mistaking  pools  of  crude  oil  for  open  water  (19)  and  duck  mortality  has  been 
attributed  to  the  oil-polluted  Detroit  River  (19)  . 
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PARACHUTE  CREEK  VALLEY 

Impacts  in  the  valley  will  result  from  construction  of:     ammonia,  LPG,-and 
water  pipelines;  underground  communication  duct;  road  realignment  and 
improvement;  and  terminal  facilities.    Impacts  as  a  result  of  project  oper- 
ations will  result  from  delivery  of  materials,  supplies,  and  employee  travel 
to  and  from  the  project.    Construction  activities  will  have  the  same  general 
impact  on  wildlife  as  analyzed  and  discussed  under  the  section  on  construc- 
tion of  the  shale  oil  pipeline.    Table  IV- 19  provides  a  summary  of  potential 
impacts  and  class  of  animal  possibly  affected . 


TABLE  IV- 19 

POTENTIAL  IMPACTS  FROM  PROPOSED  ACTIONS 

IN  PARACHUTE  CREEK  VALLEY   (20) 


Habitat  Visual  &  Audio      Hazard  or         Human 

Loss      Pollution      Disturbances  Barrier        Pressure 


Small  Mammals 

Songbirds 

Aquatic  Furbearers 

Terrestrial 

Furbearers 
Raptors 

Mt.  Lion  &  Black  Bear 
Mule  Deer 


+ 
+ 
+ 
+ 
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SMALL  MAMMALS 

The  loss  of  small  mammal  habitat  resulting  from  installation  of  utilities  in 
Parachute  Creek  valley  should  be  negligible.    Roadside  areas,  especially 
between  fences  and  the  road,  provide  good  habitat  for  rodents  and  rabbits 
because  of  the  generally  more  dense  and  weedy  vegetation .    In  Parachute 
Creek  valley,  roadside  habitat  is  not  particularly  important  since  there  are 
many  fence  rows,  irrigation  ditches,  woodland-pastureland  borders,  and 
other  broken  landscape  features  that  provide  the  edge  effect  so  important  in 
the  habitat  of  many  mammal  and  bird  species.    Destruction  of  roadside  habi- 
tat would  be  temporary,  occurring  only  during  construction,  and  would 
likely  return  to  conditions  similar  to  the  present  ones  within  several  years. 
Destruction  of  trees  would  be  a  long-term  impact  which  is  discussed  more 
completely  in  the  following  section  on  songbirds . 

Increased  mortality  from  additional  traffic  (road-kills)  and  from  shooting, 
could  be  a  moderately  important  impact  on  several  mammal  species  that 
are  of  aesthetic  value.    Marmots,  rock  squirrels,  and  chipmunks  are 
abundant  and  conspicuous  during  summer  along  the  existing  road  and  are 
especially  common  near  orchards,  stone  fences,  and  natural  rock  outcrops. 
It  may  be  anticipated  that  some  reduction  in  these  populations  will  result 
from  road-kills  and  also  from  shooting . 

SONGBIRDS 

Loss  of  songbird  habitat  is  likely  to  be  negligible  along  most  of  the  cor- 
ridor, but  could  be  significant  if  appreciable  loss  or  degradation  of  gallery 
forests  occurs.    These  forests  are  narrow  in  this  valley  because  of  the  semi- 
arid  climate,  and  in  addition  to  being  visually  pleasing,  they  provide  impor- 
tant habitat.    Traffic,  construction  noise,  and  visual  disturbances  are  likely 
to  repel  most  songbirds  some  distance  from  the  proposed  corridor.    Species 
diversity  and  total  bird  numbers  will  probably  be  appreciably  reduced  during 
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periods  of  high  traffic  volume.    Impacts,  such  as  the  above,  should  be  temporary, 
although  a  few  shy  and  uncommon  species  may  be  completely  lost  from  the  area. 

AQUATIC  FURBEARERS 

Beaver  are  dependent  on  deciduous  trees  growing  near  open  water,  and  musk- 
rat  and  raccoon  are  also  closely  tied  to  aquatic  food  webs.    Consequently, 
stream  sedimentation  from  erosion,  decrease  of  water  quality,  and  destruction 
of  trees  could  degrade  the  habitat  of  these  animals.    Impacts  from  increased 
human  pressures  (trapping  and  shooting)  is  also  likely  to  occur  and  could 
be  important  since  these  species  are  not  abundant  locally. 

TERRESTRIAL  FURBEARERS 

This  category  includes  the  widely  distributed  medium  to  small  predatory 
mammals.    The  local  abundance  of  these  species  is  not  well  known,  but  most 
of  them  are  shy  and  likely  to  be  intolerant  of  noise  and  other  human  disturb- 
ances.   Impacts  to  these  species  from  general  audio  and  visual  disturbances 
are  not  expected  to  be  severe.    Coyotes  and  bobcats,  in  particular,  are  very 
adaptable  animals  that  easily  become  accustomed  to  human  activities.    The 
kit  fox  which  may  occur  in  Parachute  Creek  valley  is  less  tolerant,  and  the 
ringtail  fox  is  quite  shy  and  locally  very  rare. 

The  regional  influx  of  people  that  would  accompany  oil  shale  development  would 
likely  result  in  these  animals  being  more  heavily  hunted  for  sport,  especially 
when  additional  roads  provide  increased  access  to  remote  areas.    Whether  this 
will  pose  a  significant  threat  to  the  existence  of  these  predators  cannot  be 
predicted  from  available  information . 

RAPTORS 

Raptors  are  likely  to  be  adversely  affected  by  increased  visual  and  audio 
disturbances  and  from  increased  human  activities  in  the  area.    While  tolerance 
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levels  vary  among  species,  in  general,  raptorial  birds  are  typically  intolerant 
of  human  disturbances.    Significant  losses  could  occur  from  shooting. 

MOUNTAIN  LION  AND  BLACK  BEAR 

Increased  visual  and  audio  disturbances  from  traffic  and  miscellaneous  activi- 
ties of  people  could  constitute  a  significant  impact  to  these  species,  especially 
to  the  mountain  lion.    Shooting  for  sport  or  predator  control  would  probably 
represent  the  most  serious  threat  to  their  continued  existence,  and  while  both 
species  are  protected  by  State  game  laws,  illegal  shooting  can  be  anticipated 
and  could  quite  conceivably  result  in  the  local  expiration  of  the  mountain  lion. 


ELK 


The  small  local  elk  population  could  be  seriously  reduced  by  illegal  shooting. 
Visual  and  audio  disturbances  are  likely  to  constitute  only  a  minor  impact. 
Additionally,  the  service  corridor  could  represent  a  hazard  or  barrier  to 
the  movement  of  elk.    These  problems  are  discussed  more  fully  in  the  following 
part  on  mule  deer  . 

MULE  DEER 

The  impact  of  the  proposed  corridor  on  mule  deer  is  likely  to  be  the  most  serious 
wildlife  impact.    As  shown  on  Table  IV-19,  4  of  the  5  potential  problem  areas 
pertain  to  mule  deer.    The  mule  deer  herd  of  the  Piceance  Creek  Basin  is  one 
of  the  largest  in  the  country,  and  Parachute  Creek  valley  represents  a  significant 
component  of  their  limited  winter  range.    Several  studies  of  mule  deer  have 
been  conducted  during  the  winter  in  Parachute  Creek  valley  to  determine  local 
abundance  and  mortality   (20)  .    An  estimated  1,500  to  2,000  (30)  use  the  valley 
floor  for  2  or  3  months  during  winter,  and  at  times  dense  concentrations  occurred 
along  the  present  roadway   (a  mean  of  160  deer/day  were  counted  per  trip  up 
the  valley  over  a  two-week  period  in  early  February)  (20)  .    Presently,  studies 
are  underway  to  determine  the  times  and  causes  of  major  movements  into  and  out 
of  the  valley,  and  the  areas  most  heavily  utilized  for  critical  winter  browse. 
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Large  numbers  of  mule  deer  will  be  killed  by  traffic  on  the  service  corridor 
from  fall  through  early  spring  when  they  are  concentrated  on  the  winter  range. 
Based  on  the  mean  number  of  deer  counted  adjacent  to  Parachute  Creek  road 
during  1973,  and  the  kill  in  areas  with  similar  deer  concentrations  and  traffic 
volume,  the  Colorado  Division  of  Wildlife  has  projected  an  annual  highway  deer 
kill  of  110  animals  which  could  significantly  add  to  natural  mortality  factors. 
Furthermore,  deer  crossing  a  well  traveled  road  represent  a  serious  hazard  to 
motorists .    Mule  deer  tend  to  concentrate  along  roads  where  browse  is  often 
more  dense  and  also  because  of  hesitancy  to  cross  roads  when  traffic  is  heavy. 
Even  so,  roads  are  seldom  serious  barriers  to  their  movements.    Deer  fences 
which  are  designed  to  keep  deer  from  crossing  roads  could  prevent  road-kills, 
but  they  would  reduce  accessibility  to  water,  cover,  browse,  and  also  could 
disrupt  normal  movement  patterns .    Mule  deer  tend  to  stay  away  from  roads 
during  the  day,  presumably  because  of  traffic  noise  and  the  visual  stimuli  of 
vehicles.    Presently,  one  can  see  many  mule  deer  during  daylight  hours  in 
Parachute  Creek  valley,  particularly  during  the  winter. 

Even  though  physical  loss  of  habitat  (95  acres)  within  the  valley  area  is  not 
significant,  the  impairment  of  a  larger  area  of  habitat  could  become  extremely 
significant.    With  increased  human  utilization  of  this  area,  it  is  possible  that 
the  deer  may  cease  to  utilize  the  remaining  habitat.    If  this  occurs,  and  the 
deer  populations  move  to  Roan  Creek  already  at,  or  over,  carrying  capacity, 
mortality  and  a  reduction  in  base  herd  populations  could  easily  take  place. 
The  extent  and  magnitude  of  this  impact  is  unknown  at  the  present  time. 
Additional  studies  will  be  required  to  determine  the  importance  of  this  area 
to  the  mule  deer  population. 


FISH 


As  previously  discussed  under  the  Dow  West  property  of  this  section,  the 
trout  population  could  be  killed .    This  impact  is  considered  a  short-term  loss 
since  there  are  no  native  fish  up-stream  of  the  Lindauer  Ranch.    Trout  habitat 
would  re-establish  itself  and  trout  could  be  reintroduced  into  the  stream. 
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Probably  the  worst  problem  that  could  occur  would  be  an  oil  or  other  petroleum 
product  spill.    A  spill,  depending  on  location  and  amount  of  toxicity  of  the 
spilled  material,  would  be  harmful  (if  not  fatal)  to  almost  all  aquatic  life  and 
could  have  far-reaching  effects  into  and  down  the  Colorado  River.    Should  a 
chemical  or  shale  oil  spill  occur  at  the  retort/upgrading  complex,  the  spilled 
material,  under  most  circumstances,  will  drain  to  the  Davis  Gulch  catchment 
area.    Under  extreme  conditions  such  as  fire,  explosion  or  flash  flood,  shale 
oil  could  find  its  way  into  Parachute  Creek.    The  possibility  exists,  though 
not  probable,  that  an  oil  tank  truck  loaded  with  oil  could  overturn  and  rupture, 
with  its  contents  flowing  into  Parachute  Creek.    Table  IV-20  shows  toxicity 
levels  to  rainbow  trout. 

Table  IV-21  estimates  how  many  gallons  per  second  of  shale  oil  would  be 
needed  to  reach  toxicity  levels  for  rainbow  trout . 

Ammonia  will  be  piped  from  the  plant  site  to  the  Grand  Valley  facilities  where 
it  will  be  stored  in  bullets  (2)  .    Ammonia  is  lighter  than  air  and  soluble  in 
water .    If  a  leak  or  rupture  occurred,  there  probably  would  not  be  any  adverse 
impacts  to  the  terrestrial  environment.    Experiments  indicate  that  it  would  take 
an  ammonia  flow  equal  to  0.05  percent  of  the  flow  of  Parachute  Creek  to  kill  all 
benthos  organisms  in  5  minutes.    Using  an  average  season  flow  in  Parachute 
Creek  of  19  cfs,  a  little  over  2.5  gpm  would  kill  all  organisms  in  5  minutes. 
The  pipeline  will  flow  about  40  gpm,  or  more  than  16  times  the  necessary  amount 
at  the  point  of  entry  (assuming  a  complete  break)  ,  for  a  total  kill.    Lesser  leaks 
would  have  less  than  total  mortality  for  aquatic  organisms. 

Spent  shale  and  the  waste  water  used  to  cool,  wet,  and  irrigate  it,  contain 
significant  amounts  of  heavy  metals  (2)  . 

Dramatically  increased  concentrations  of  these  metals  may  be  found  behind 
the  Davis  Gulch  retention  dam  after  years  of  leaching,  evaporation,  and 
recycling  of  water  from  the  Davis  Gulch  Reservoir.    Results  of  a  recent  study 
show  that  in  hard  water,  such  as  Parachute  Creek,  zinc  can  kill  fish  with 
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TABLE  IV-20 
SUMMARY  OF  TL5Q  (a)  ACUTE  TOXICITY  VALUES  TO  RAINBOW  TROUT    (17) 

Upgraded  Shale  Oil 

Under  static  test  procedure  conditions 
Fish  Species  24-Hour  96-Hour 

Rainbow  Trout  >1000  ppm  100  to  1000  ppm 

Under  dynamic  test  procedure  conditions 
Fish  Species  24-Hour  96-Hour 

Rainbow  Trout  >1537  ppm  >294  ppm 

(a)    50  percent  fish  kill  in  96  hours 


TABLE  IV-21 
SHALE  OIL  TOXICITY  LEVEL  FOR  RAINBOW  TROUT    ( 1 7) 

GPS  to  Reach 
Average  Gallons  to  =       Toxicity  Level  Toxicity 

Stream  Annual  Flow  1  ppm  to  Fish  (a)  Level  (b) 

Parachute  Creek        19  cfs  .000142  294  ppm  0.04 

(a)  Table  IV-20 

(b)  Column  4  =  Column  2  x  Column  3  (GPS  -  Gallons  per  second) 


only  one-half  part  per  million.    Copper  was  toxic  to  trout  at  the  rate  of  10  to 
20  parts  per  billion.    Lead  was  lethal  in  10  to  20  parts  per  billion.    Silver 
is  harmful  when  occurring  at  7  parts  per  billion  (31 )  .    There  is  some  possi- 
bility of  contaminated  water  escaping  the  Davis  Gulch  area  and  finding  its 
way  into  Parachute  Creek.    Tolerances  of  the  Colorado  squawfish  and  hump- 
back chub  (found  downstream  from  Grand  Valley  in  the  Colorado  River)  to 
heavy  metals  are  not  known .    Any  escape  from  a  failure  of  the  Davis  Gulch 
Dam  could  possibly  result  in  a  total  kill  of  all  aquatic  life  in  Parachute  Creek 
and  possibly  the  Colorado  River  some  distance  downstream.    The  dilution 
factor  for  a  spill  at  the  Dow  West  property  at  low  flow  rates  for  both  Parachute 
Creek  and  the  Colorado  River  is  2,800:  1.    A  spill  of  2,800  parts  per  volume  in 
Parachute  Creek  would  be  diluted  to  1  part  per  volume  in  the  Colorado  River. 
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In  worst  case  assumptions  where  vegetation  is  not  effective  as  a  ground  cover 
or  soil-holding  capacity  and  no  other  stabilization  method  is  used  after  the 
useful  life  of  the  oil  shale  complex  is  over,  along  with  the  Davis  Gulch  Dam 
either  failing  or  being  removed,  the  greatest  effects  will  be  noticed  in  Parachute 
Creek. 

Erosion  from  the  processed  shale  pile  would  increase  tremendously  as  a  result 
of  sheet  and  gully  actions  of  water  on  the  pile.    As  a  result,  increases  in  sedi- 
ment loads,  T.D.S.  concentrations   (metallic  and  nonmetallic)  ,  salinity, 
alkalinity,  turbidity,  and  temperatures  would  occur,  decreasing  the  overall 
quality  of  water  in  Parachute  Creek.    The  increase  in  siltation  would  cause 
additional  scouring  in  the  steeper  gradients  of  the  upper  portion  of  the  stream, 
accelerating  erosion  of  the  stream  itself  in  these  stretches.    Where  the  gradient 
lessens,  deposition  of  silt  size  material  would  occur.    Deposition  will  continue 
downstream  until  an  equilibrium  of  the  carrying  capacity  of  the  stream  is  reached 
A  change  in  stream  velocity  and/or  volume  will  control  its  silt-carrying  capacity. 

All  these  effects  will  in  turn  upset  the  stream  ecosystem .    Excessive  amounts 
of  silt  alone  will  reduce  or  kill  aquatic  vegetation  and  the  population  of  inverte- 
brates that  the  fish  prey  on,  along  with  the  fish  themselves.    Substantial  in- 
creases in  water  temperature,  T.D.S. ,  salinity,  alkalinity,  and  turbidity, 
will  also  cause  destruction  to  fish  and  the  fish  habitat. 

A  new  but  different  ecosystem  could  develop  in  place  of  the  old  system  or 
much  of  Parachute  Creek's  life-supporting  capacity  could  remain  essentially 
dead  until  the  shale  pile  is  eroded  away.    The  above-mentioned  increases  in 
water  pollutants  would  be  increasingly  diluted  the  farther  down  Parachute 
Creek  they  were  transported  by  tributaries.    By  the  time  they  reached  the 
Colorado  River  a  dilution  factor  of  2,800:  1  would  occur  (8), 

Estimates  of  some  of  the  various  contaminants  that  could  occur  in  runoff 
water  from  the  processed  shale  pile  combined  with  the  other  solid  and  liquid 
wastes  that  will  be  interspersed  within  the  pile  have  been  made  by  Metcalf 
and  Eddy  (13)  (  8  )  and  are  included  in  the  section  on  the  Water  Quality  of 
Davis  Gulch  earlier  in  this  chapter.    It  is  not  known  if  these  pollutant  levels 
when  diluted,  along  with  many  other  variables  that  could  affect  runoff  and 
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erosion  rates  from  the  shale  pile,  would  cause  a  serious  problem  in  the 

Colorado  River.    Some  adverse  effects  would  be  expected  including  but  not 

limited  to  increases  in  sediment  loads,  T.D.S.,  alkalinity,  etc. 

Erosion,  sediment  loads,  T.D.S.  etc.  would  all  increase  due  to  the  activities 
associated  with  recovery  of  an  oil  spill.    The  amounts  of  sediment,  T.D.S., 
etc.  would  all  depend  on  location,  size,  and  time  of  year  of  the  oil  spill. 

POWERLINE  CORRIDORS 


Impacts  to  wildlife  would  be  essentially  the  same  as  identified  in  the  dis- 
cussion under  shale  oil  pipeline  and  the  Parachute  Creek  valley  section. 
Almost  the  same  types  of  wildlife  identified  in  those  discussions  exist  in 
the  areas  covered  by  the  proposed  powerline  route  alternatives .    One  of 
the  possible  corridors  is  shown  in  Parachute  Creek  valley. 

Large  raptors,  especially  eagles,  are  attracted  to  powerline  poles  because  they 
provide  an  elevated  perch  that  offers  a  wide  radius  of  vision  for  hunting  and  per- 
mit an  easy  take-off.    Use  of  these  artificial  perch  sites  varies  greatly,  depend- 
ing on  topography  and  other  terrain  features.    Powerlines  traversing  steep, 
broken  terrain  where  many  natural  perch  and  roost  sites  are  available,  receive 
relatively  little  use  compared  to  those  placed  on  flat,  open  areas  where  natural 
perch  sites  are  minimal  or  absent  (21)  .    The  high  230,  000-volt  transmission 
lines  proposed  for  construction  in  the  project  area  will  have  conductor  spacings 
of  a  least  23  feet,  which  makes  it  impossible  for  phase-to-phase  or  phase- to- 
ground  contact  by  the  larger  raptors.    The  conductor  spacing  on  the  69,  000-volt 
line  will  depend  upon  the  construction  method  used.    However,  phase  spacing 
on  horizontal  configurations  is  7  feet,  which  vertical  configurations  have  6  feet 
of  separation.    In  either  event,  the  birds  will  be  protected  by  insulated  ground 
wire.    The  existing  69, 000-volt  line  in  Parachute  Creek  has  been  in  operation 
several  years  and  has  never  caused  a  known  electrocution   (21)  . 

Approximately  1, 100  acres  of  habitat  will  be  destroyed  during  construction 

assuming  the  two  longest  corridors  were  used.    All  but  approximately  200  acres 

used  for  tower  pads  and  substations  will,  in  a  period  of  4  or  5  years,  recover 

much  of  their  habitat  productivity.    An  estimated  50-foot  width  on  each  side  of 

the  powerlines  will  continually  be  cleared  of  the  higher  growing  shrubs  and 

trees . 
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Since  there  has  been  no  right-of-way  application  for  the  powerlines,  it  is  not 
known  what  two  corridors  will  be  selected  nor  is  it  known  where  the  center- 
lines  within  the  corridors  will  be  established.    Figure  IX-2  shows  the  proposed 
corridors.    Chapter  IX  also  discusses  the  impacts  of  powerlines  to  the  environ- 
ment in  greater  detail  than  what  is  presented  here. 

Cross-country  clearings  and  attendant  access  construction  will  provide  addi- 
tional access  into  areas  by  snowmobiles  and  four-wheel  drive  vehicles,  sub- 
jecting local  game  populations  to  increased  pressures  of  legal  and  illegal 
hunting  and  to  continuing  intermittent  harassment  by  invading  men  and 
machines. 

COLORADO  RIVER  VALLEY 

Wildlife  will  be  affected  by  reduction  in  wildlife  habitat  and  decreased  forage, 
as  a  result  of  constructing  the  Grand  Valley  terminal,  railroad  spur,  admini- 
stration building,  and  the  residences  and  services  needed  to  support  an 
increase  of  4, 100  in  population.    Additional  traffic  will  increase  hazards  to 
both  game  and  non-game  animals.    Domestic  pets  will  harass  some  types 
of  wildlife  in  the  vicinity,  and  even  preclude  continuing  local  habitat  use  by 
the  least  adaptable  species.    Poaching  and  indiscriminate  killing  of  wildlife 
may  increase.    There  will  probably  be  some  loss  of  fish  in  the  Colorado  River 
water  intake  pump  station.    Fish  are  attracted  to  currents  such  as  those  pro- 
duced by  pump  intakes  (2)  . 

Water  releases  from  Green  Mountain  Reservior  will  produce  a  beneficial 
impact  on  the  downstream  fisheries.    Releases  will  be  made  during  very 
low  flow  periods .    This  will  increase  the  wetted  perimeter  and  surface  area 
of  the  Colorado  River.    The  pool-riffle  ratio  will  more  closely  approach 
normal.    The  depth  will  only  slightly  be  affected .    Overall  the  fishery 
habitat  will  be  improved  during  low  flow  periods. 

If  the  releases  are  made  during  a  spawning  season  this  could  have  an 
adverse  effect  on  the  spawn.    Spawn  could  be  covered  over  or  washed  away. 
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INDUCED  POPULATION 

An  increase  of  4, 100  people  either  in  the  Grand  Valley  vicinity  or  displaced 
in  the  Colorado  River  valley  between  Grand  Junction  and  Glenwood  Springs, 
will  cause  a  decrease  in  abundance  of  certain  wildlife  species  as  a  result 
of  increased  traffic,  hunting,  shooting,  trail  bikes,  snowmobiles,  and 
related  activities  including  the  removal  or  disturbance  of  habitat.    The 
magnitude  of  disturbance  of  wildlife  species  is  discussed  in  general  terms 
since  densities,  distribution  and  movement  patterns  are  not  known.    Mountain 
lion  and  elk  are  primarily  sensitive  to  human  activities .    Increased  hunting 
and  poaching  could  either  kill  or  drive  them  out  of  their  territorial  and  summer- 
winter  range.    Forced  movement  into  other  areas  will  cause  competition  for 
habitat  and  food  until  a  balance  in  number  occurs,  likely  resulting  in  death 
until  the  balance  is  reached . 

After  completion  of  construction  of  the  shale  oil  pipeline,  through  the  mountain 
lion  and  black  bear  habitat,  little  additional  increase  in  human  activity  is  antic- 
ipated .    Eighty  percent  of  the  existing  road  is  currently  closed  to  the  public 
and  there  are  no  known  plans  to  change  the  ratio.    The  remaining  20  percent 
open  to  the  public  is  scattered  along  the  road  and  increased  human  activity 
will  occur  to  some  degree.    Eagles  and  most  other  raptorial  birds  are  affected 
by  human  activities,  particularly  near  nesting  areas.    Disturbance  during 
the  nesting  season  will  increase  nest  desertion  and  subject  the  eggs  or 
young  to  increased  exposure  to  adverse  weather  or  predators.    Golden 
eagles  are  particularly  vulnerable,  since  their  normal  behavior  is  to  leave 
the  nest  when  humans  approach.    Another  problem  is  indiscriminate  killing, 
and  this  type  of  killing  will  increase  as  the  human  population  increases . 
Illegal  hunting  of  golden  eagles  could  eliminate  these  birds  from  the  Parachute 
Creek  valley  (30)  . 
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Generally,  mule  deer  should  not  be  seriously  affected  by  occasional  disturbance 
from  human  activities  since  they  are  relatively  tolerant  of  foreign  noise  and 
visual  stimuli.    However,  locally  (an  example  being  the  Parachute  Creek  valley) 
increased  human  activity  plus  additional  noise  from  traffic  to  and  from  the 
plant  site  will  help  drive  them  out  of  this  winter  range.    They  will  probably 
migrate  into  the  Roan  Creek  valley  where  competition  will  be  increased, 
resulting  in  actual  number  decrease  until  a  new  balance  is  reached.    During 
a  severe  winter,  any  additional  stress  on  the  deer  by  human  disturbance  or 
harrassment  could  be  critical  and  cause  loss  of  animals.    The  stress  of 
cold  weather  and  minimal  forage  would  cause  the  deer  to  be  very  susceptible 
to  outside  influence.    If,  for  some  reason,  the  deer  herds  continue  using  the 
valley  for  winter  range,  poaching  would  certainly  increase.    Although 
not  thought  to  be  a  current  problem  by  many  people  today,  approximately 
12  deer  were  poached  or  otherwise  killed  in  the  Parachute  Creek  valley  in 
1974.    Additional  hunting  pressure  may  contribute  in  decreasing  number 
of  deer  locally . 

Therefore,  increased  poaching,  hunting,  indiscriminate  killing,  harassment 
from  trail  bikes,  snowmobiles,  etc. ,  as  a  result  of  a  jump  in  human  population 
growthincluding  construction  crews,  will  certainly,  at  least  locally, 
decrease  the  number  of  mountain  lion,  black  bear,  elk,  deer.    Other  species 
of  sport  animals  such  as  blue  grouse,  chukar,  jackrabbit,  cottontail,  etc. 
as  well  as  non-sport  animals  will  also  be  affected.    The  problem  could  be  serious 

AIR  POLLUTANT  EFFECTS  ON  WILDLIFE 

GENERAL 

The  following  is  a  generalized  discussion  of  the  effects  of  air  pollutants  on 
animals.    Very  few  conclusions  can  be  made  on  the  effects  of  the  various  pol- 
lutants because  the  literature  reviewed  indicates  that  studies  dealt  with 
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relatively  high  concentration  levels  that  would  produce  pathological  changes 
or  mortality  in  animals .    It  appears  that  concentration  levels  that  produce 
threshold  injury  have  not  been  well  established.    Also,  the  effects  of  combined 
pollutants  are  complex  and  dependent  on  numerous  variables  and  factors. 
In  many  cases  these  effects  are  not  definitive,  particularly  when  related  to  the 
predicted  concentration  levels  indicated  in  the  air  model  studies  completed 
for  Colony's  proposed  oil  shale  development. 

Probably  the  best  standard  of  comparison  for  purposes  of  this  discussion  is 
that  of  the  predicted  pollutant  concentration  levels  with  the  Federal  secondary 
standards.    The  Federal  secondary  standards  shown  in  Table  IV-4  have  been 
established  to  protect  the  public  welfare  from  any  known  or  anticipated  ad- 
verse effects  of  a  pollutant;  such  adverse  effects  would  include,  but  not  be 
limited  to,  effects  on  fauna.    An  analysis  of  the  projected  concentration 
levels  compared  to  Federal  ambient  air  quality  standards  is  included  earlier 
in  this  chapter  in  the  section  on  climate  and  air  quality. 

The  following  discussion  of  the  effects  of  air  pollutants  on  animals  makes 
general  comparisons  of  the  predicted  concentration  levels  against  studied 
levels  of  injury.    No  conclusions  are  made  because  the  studies  were  not 
of  such  a  nature  that  would  permit  realistic  evaluations.    Most  of  the  studies 
were  completed  on  a  limited  number  of  laboratory  animals  under  very  tight 
control  methods.    The  effects  of  various  pollutants  differed  greatly  with  the 
individual  species  tested.    As  a  result,  it  is  not  possible  to  predict  what 
concentration  levels  of  pollutants  will  cause  morbidity  or  mortality  to  other 
than  the  laboratory  tested  animals. 
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SULFUR  OXIDES   (23) 

Both  sulfur  dioxide  and  sulfuric  acid  irritate  the  respiratory  system;  they 
must,  however,  be  employed  at  high  concentrations  if  mortality  is  chosen  as 
the  criterion  of  response . 

Compared  to  realistic  air  pollutant  levels,  it  requires  relatively  high  concen- 
trations of  sulfur  dioxide  or  sulfuric  acid  to  produce  pathological  lung  change 
or  mortality  in  animals  . 

Sulfur  dioxide  is  capable  of  producing  bronchoconstrictions  in  experimental 
animals  such  as  guinea  pigs,  dogs,  cats,  and  also  in  man.    Dose-response 
curves  have  been  established  for  guinea  pigs;  they  relate  the  concentration 
of  sulfur  dioxide  to  the  observed  increase  in  pulmonary  flow  resistance  pro- 
duced by  one  hour  exposures.    Slight  increases  in  resistance  (about  10  per- 

3 
cent)  are  detectable  at  a  sulfur  dioxide  concentration  of  460  ugm/m     (0.16  ppm) 

and  some,  but  not  all,  particulate  sulfates  also  produce  bronchoconstrictions 
in  guinea  pigs .  The  response  is  highly  dependent  on  particle  size,  with  the 
smallest  particulates  showing  the  greatest  irritant  potency. 

Data  obtained  on  guinea  pigs  suggest  that  response  to  low  concentrations  is 
similar  in  type  to  that  produced  by  higher  concentrations  but  that  the  response 
decreases  in  magnitude  with  decreasing  concentrations. 

The  highest  short-term  (three-hour  average)  annual  concentration  predicted 

3 
by  the  Colony  air  model  studies  is  between  200  and  300  ugm/m   ,  or  between 

43  and  65  percent  of  the  observed  level  which  caused  an  increase  in 

pulmonary  flow  resistance  produced  by  one-hour  exposures.    The  frequency 

of  occurrence  rises  considerably  for  concentration  levels  between  50  and 
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3 

75  pgm/m    to  96  three-hour  occurrences  annually,  or  between  10  and 

16  percent  of  the  level  of  observed  effect  on  guinea  pigs,  one  of  the  most 
susceptible  laboratory  animal  studies. 

The  data  reviewed  is  too  limited  to  be  conclusive  on  whether  or  not  effects 
on  animals  occur  and  what  they  may  be. 

NITROGEN  OXIDES   (24) 

3 

Studies  have  shown  that  rats  exposed  to  either  940  ugm/m    of  N09  (0.5  ppm) 

3 
for  4  hours  or  1 . 9  mgm/m     (1.0  ppm)  for  one  hour  have  experienced 

degranulation  of  lung  moist  cells  and  structural  changes.    The  threshold 

3 
for  increased  susceptibility  of  mice  to  respiratory  infection  is  6.6jugm/m 

3 
(3.5  ppm)  for  2  hours.    Exposure  of  monkeys  to  28.2  to  94.0  mgm/m 

(15  to  50  ppm)  for  2  hours  has  produced  damage  to  their  lungs,  heart, 

liver,  and  kidneys,  and  pulmonary  changes  that  resemble  those  seen  in 

3 
human  emphysema.  .    Rabbits  exposed  to  47.0  mgm/m     (25  ppm)  of 

N09  for  3  hours  experienced  deformation  and  a  decreased  resistance  to 

viral  infection.    Structural  changes  were  found  in  lung  tissue  collogen 

3 
from  rabbits  exposed  to  470jugm/m     (0.25  ppm)  for  4  hours  a  day  for  6 

days .    Enhanced  susceptibility  of  mice  to  respiratory  infection  was 

3 
observed  after  3  months  of  continuous  exposure  to  940  ugm/m     (0.5  ppm) 

Polycythemia  has  been  reported  in  rats  and  monkeys  exposed  continu- 

3 
ously  to  3.8  mgm/m     (2.0  ppm)  for  3  weeks.    Changes  resembling  those 

seen  in  human  emphysema  were  reported  in  the  following:    mice  exposed  from 

3 
6  to  24  hours  daily,  for  a  period  of  3  to  12  months,  to  940  ugm/m     (0.5  ppm); 

3 
rats  continuously  exposed  to  18.8  to  47.0  ugm/m     (10  to  25  ppm)  for  4  to  12 

3 
months;  and  dogs  continuously  exposed  to  47.0  jugm/m    for  6  months. 

As  indicated  by  these  studies,  the  lowest  short-term  concentration  level  noted 

3 
in  the  studies  was  940  ugm/m    of  NO?  for  4  hours  which  produced  degranulation 

of  lung  cells  in  rats.    The  Battelle  study  predicts  a  single  annual  occurrence  of  a 

3 
3-hour  concentration  of  between  700  and  l,300jugm/m    .    It  is  possible  that 

wildlife  with  similar  thresholds  of  susceptibility  of  N02  could  be  injured  if 
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3 
concentrations  substantially  above  940  jjgm/m    occur.    The  concentration 

level  for  3  hours  would  have  to  be  higher  in  order  to  produce  the  same  effect 


as  the  4-hour  level  observed.     The  predicted  frequency  of  occurrence 
annually  for  3-hour 
considerable  to  193 


3 
annually  for  3-hour  concentration  levels  between  200  and  500  ugm/m    rises 


Even  though  3-hour  predicted  levels  cannot  be  directly  compared  to  the  ob- 
served 4-hour  levels,  the  predicted  levels  are  generally  well  below  the 

3 
940jugm/m    observed  to  cause  lung  injury  to  rats. 

3 
The  highest  annual  concentration  level  is  predicted  to  be  15.8;jgm/m   ,  or 

3 
3  percent  of  the  long-term  concentration  level  of  940>ugm/m    observed  to 

produce  changes  in  mice  resembling  human  emphysema. 


HYDROCARBONS 

Hydrocarbons  are  defined  as  any  of  a  class  of  compounds  containing  only 

hydrogen  and  carbon,  such  as  methane,  CH.,  ethylene,  C„H   ,  acetylene, 

C0H0,  benzene,  CcHr,  etc.    Studies  dealing  with  the  effects  of  hydrocarbons 
z    L  b    b 

on  animals  center  around  individual  chemical  compounds  (a  single  hydro- 
carbon) rather  than  the  general  class  of  compound  (hydrocarbons)  .    The 
percentages  of  individual  hydrocarbon  compounds  resulting  from  combustion 
processes  that  will  occur  in  the  proposed  Colony  oil  shale  complex  have 
not  been  identified.    The  emission  projections  and  predicted  concentration 
levels  are  only  given  for  total  hydrocarbons.    As  a  result,  no  specific 
or  general  conclusions  can  be  made  as  to  the  effects  of  hydrocarbons  on  animals 

CARBON  MONOXIDE 

No  definitive  studies  of  carbon  monoxide  effects  on  animals  were  found . 
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PARTICULATES 


Atmospheric  particles  are  chemically  a  most  diverse  class  of  substances.    The 
U.S.  Department  of  Health,  Education,  and  Welfare's  publication  titled  "Air 
Quality  Criteria  for  Particulate  Matter",  defines  the  term  "particle"  as 
any  dispersed  solid  or  liquid  in  which  the  individual  aggregates  are  larger 
than  single  small  molecules   (about  0.  0002^1  in  diameter)  ,  but  smaller  than  500u. 

As  with  hydrocarbons,  the  Colony  studies  do  not  distinguish  between  the  many 
chemical  compounds  that  can  be  considered  particulates  but  considers  them  as 
a  whole.    Some  of  the  sources  of  particulates  identified  as  a  result  of  the 
proposed  oil  shale  development  are  crushed  raw  shale,  processed  shale, 
blasting,  fugitive  dust,  and  by-products  of  combustion.    Some  of  the 
particulates  are  reactive  with  biological  systems,  others  are  not. 

The  literature  reviewed  indicates  that  studies  were  centered  around  more  or 
less  specific  chemical  compounds  rather  than  particulates  as  a  class  of  pollu- 
tants.    As  a  result,  no  estimates  or  conclusions  could  be  made  about  the 
effects  of  particulates  on  animal  life. 

SUMMARY 

The  cumulative  effects  of  both  habitat  destruction  and  degradation  and  the 
lowering  of  water  quality  through  human  and  mechanized  intrusions  will  have 
severe  and  long-lasting  consequences  on  local  wildlife  populations. 

Mule  deer  in  the  Parachute  Creek  valley  will  probably  be  forced  to  winter 
range  in  the  Roan  Creek  area  forcing  greater  competition  for  food  and  resulting 
mortality  of  some  of  these  animals. 
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Should  deer  remain  in  Parachute  Creek  valley,  an  additional  estimated  110 
will  be  killed  annually  from  increased  traffic.    Hunting,  poaching,  and 
indiscriminate  killing  will  account  for  additional  losses .    Deer  and  elk 
will  be  deprived  of  their  summer  range  for  a  large  area  of  the  Dow  West 
property.    The  more  secretive  animals  such  as  mountain  lion  and  black 
bear  will  avoid  the  Dow  West  property.    Some  harassment  of  these  mammals 
may  occur  along  the  Roan  Plateau  and  Book  Cliffs  habitat  areas,  but  this 
should  not  be  a  serious  problem  since  80  percent  of  the  existing  road  along 
the  proposed  pipeline  is  closed  to  the  public  on  the  Roan  Plateau . 

Fish,  particularly  trout,  will  be  adversely  affected  during  the  construction 
phase  on  the  Dow  West  property  and  in  Parachute  Creek  valley.    Trout  are  not 
native  to  the  areas  where  construction  and  its  effects  will  occur,  but  are  stocked 
regularly  below  the  Dow  West  property.    Their  habitat  should  recover  and  their 
numbers  should  be  revived  if  the  area  is  stocked  with  trout  on  a  continuing  basis 
Native  species  of  fish  should  not  be  seriously  affected  by  the  pipeline  crossing 
of  the  Colorado  River  or  Parachute  Creek  corridor  and  Dow  West  property  con- 
struction, and  habitat  destroyed  would  recover  in  a  season  or  two.    However, 
toxic  chemical  or  shale  oil  spills  could  seriously  deplete  or  kill  all  aquatic  life 
in  Parachute  Creek  and  increase  mortality  rates  in  the  Colorado  River 
below  the  confluence  of  Parachute  Creek  and  below  the  Colorado  River 
crossing  at  Moab .    The  same  would  be  true  for  toxic  heavy  metals  if  Davis 
Gulch  Dam  failed . 

The  numbers  of  aquatic  furbearers,  terrestrial  furbearers,  raptors,  gamebirds, 
etc. ,  will  be  locally  reduced  as  a  result  of  increased  hunting,  poaching, 
indiscriminate  killing,  and  other  types  of  harassment  associated  with  a 
permanent  increase  in  human  population.    This  could  become  a  severe  problem. 

The  effects  of  air  pollutants  on  wildlife  have  not  been  established .    Studied 
levels  of  concentration  that  cause  injury  to  laboratory  animals  are  usually 
well  above  the  concentration  levels  of  air  pollutants  predicted  by  the  Colony 
studies. 
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In  most  cases  the  concentrations  of  reactive  compounds  known  to  cause  injury 
to  test  animals  could  not  be  identified  from  the  Colony  studies.    In  one  case, 
comparison  of  the  predicted  level  of  N02  with  literature  published  on  the  effects 
of  NO?  to  rats  indicated  that  injury  could  occur  to  animals  with  equivalent 
susceptibilities  to  NO„.    However,  even  this  observation  is  inconclusive  since 
the  research  exposure  time  was  different  than  the  time  span  of  the  predicted 
level,  plus  the  fact  that  a  high  confidence  level  cannot  be  assigned  to  a  single 
annual  occurrence  of  high  concentration. 

AESTHETICS 

The  proposed  actions  that  will  affect  the  visual  scene  include:     structures  and 
visual  emissions  at  the  terminal  facility  just  north  of  Grand  Valley  and  at  the 
plant  complex  on  the  Dow  West  property;   configuration  of  the  mine  bench, 
portals,  and  ventilation  adits;   new  roads  in  Parachute  Creek  canyon  and 
roads  climbing  out  of  Middle  Fork  canyon  to  the  plant  complex;   waste  piles; 
long  cross-country  right-of-way  clearings  for  the  pipeline  and  transmission 
lines,  transmission  towers  and  conductors;  and  urbanization  of  the  Grand 
Valley  area.    Impacts  generated  by  construction  activities  will  be  relatively 
short-term  and  different  in  nature  than  the  long-term  effects  on  aesthetic 
conditions  during  plant  and  mine  operation  (2)  (21)  . 

During  construction  of  the  plant-mine  complex,  quantities  of  steel  and  other 
construction  materials,  pipe,  plant  components,  and  construction  equipment 
will  arrive  by  rail  at  the  Grand  Valley  staging  area  for  assembly  and  be 
trucked  up  Parachute  Creek  to  the  Dow  West  property.    This  activity  will  be 
visible  to  local  residents  and  travelers.    The  staging  area  will  occupy  a  75- 
acre  site  on  the  lower  Parachute  Creek  valley,  which  is  presently  agricultural 
and  range  land .    Construction  activities  there  and  on  the  railroad  spur  connect- 
ing the  main  line  of  the  Denver  and  Rio  Grande  Western  Railroad  will  be  in  plain 
view  of  the  Parachute  Creek  road  and  various  points  around  Grand  Valley  (2)  . 


IV-175 


AESTHETICS 

Construction  activity  on  the  plant-mine  complex  will  not  be  observed  at  close 
range  by  the  general  public  because  Colony  will  maintain  strict  control  of 
access  to  areas  of  operation  on  their  private  property  (2)  .    However,  equip- 
ment working  on  the  plant  site  may  be  seen  from  numerous  accessible  high 
points  on  the  Roan  Plateau,  including  several  on  the  Naval  Oil  Shale  Reserve 
which  receives  heavy  recreation  use  during  the  seasons  of  the  year  when  plant 
construction  in  the  Middle  Fork  canyon  will  have  significant  visual  effects. 
Dust  plumes  from  this  operation  have  been  observed  by  passengers  on 
scheduled  airline  flights  between  Denver  and  Grand  Junction  from  as  far 
away  as  Glenwood  Springs  . 

The  visual  effects  of  pipeline  and  powerline  construction  activities  will  be 
minimized  by  the  transient  nature  and  general  remoteness  of  the  operations . 

Significant  impact  on  local  scenery  will  occur  where  working  equipment  and 
raw,  cleared  right-of-way  are  visible  from  populated  areas  and  routes  of 
travel.    For  the  pipeline,  those  conditions  will  prevail  at  Moab,  Utah,  and 
for  several  miles  north  and  south  along  Highway  163,  as  well  as  at  the  cros- 
sing of  Interstate  70  near  Cisco,  Utah. 

A  tentative  plot  plan  for  the  proposed  Grand  Valley  terminal  facility  is 
shown  in  Figure  11-36.    The  most  obtrusive  permanent  feature  will  be  the 
high  pressure  bullets  for  ammonia  and  LPG  storage,  and  the  tall  off-site 
flare  structure.    The  flare  will  be  equipped  with  a  permanent  pilot  light, 
and  will  emit  a  visible  flame  and  probably  a  visible  plume  during  emer- 
gency flaring  operations . 

Structures  in  the  retort/upgrading  complex  will  be  huge  and  irregularly 
shaped  (Figure  11-13)  .    The  two  highest  structures,  the  pyrolysis  unit 
including  the  stacks,  will  be  about  310  feet  above  the  ground  surface. 
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Enfilade  profiles  were  made  to  determine  if  the  highest  structures  at  the  com- 
plex could  be  observed  from  Parachute  Creek  and  the  Colorado  River  valleys. 
These  profiles  indicated  that  the  Roan  Plateau  plant  site  would  not  be  seen  any- 
where within  either  valley.    Structures  on  the  proposed  plant  site  would  have 
to  be  over  1,  200  feet  above  the  surface  in  order  to  be  viewed  from  the  Colorado 
River  valley.    An  observer  would  have  to  be  above  an  elevation  of  8,  000  feet 
on  the  slopes  of  Battlement  Mesa  or  High  Mesa  east  and  south  of  the  community 
of  Grand  Valley  in  order  to  see  the  300-foot  high  pyrolysis  unit. 

Structures  at  the  plant  site  will  be  visible  on  clear  days  for  miles  across  the 
Roan  Plateau  and  from  the  air  in  any  direction .    Smoke  and  steam  plumes  will 
vary  in  visibility  as  wind,  air  temperature,  and  operating  conditions  vary, 
but  will  be  a  permanent  part  of  the  landscape  as  long  as  the  plant  is  in 
operation . 

Smog  may  occur  in  the  valleys  under  temperature  inversion  periods,  and 
odors  characteristic  of  petroleum  refineries  will  be  constant  and  sometimes 
intense.    These  latter  two  impacts  are  more  fully  discussed  in  the  air  quality 
section . 

The  mine  mouth  facilities  equipment,  and  roads  will  completely  dominate 
the  visual  condition  in  the  canyon  of  the  Middle  Fork  of  Parachute  Creek 
between  Davis  Gulch  and  the  proposed  Middle  Fork  Dam  (Figure  II- 5)  .    However, 
those  features  will  not  be  visible  from  the  security  checkpoint  on  Colony's 
property  boundary  more  than  a  mile  down  the  canyon.    Thus,  visual  effects 
discernible  by  the  general  public  will  be  limited  to  observations  from  aircraft. 

Construction  of  the  Middle  Fork  and  Davis  Gulch  dams  will  dry  up  the  small 
waterfalls  in  each  of  these  drainages .    Both  waterfalls  are  most  scenic  during 
snowmelt  in  spring  and  are  considered  spectacular  by  many  viewers  during 
this  period. 
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The  spent  shale  embankments  will  fill  side  drainages  on  the  west  side  of  Davis 
Gulch  to  approximately  ridge  level.    Ultimately,  800  acres  of  the  Davis  Gulch 
watershed,  including  portions  of  the  proposed  land  exchange,  will  be  filled  with 
the  compacted,  black,  spent  shale  to  depths  of  up  to  600  feet  (32)  .    Prior  to  the 
stabilization  and  establishment  of  vegetation  on  this  material,  it  may  take  on 
the  appearance  of  black  lakes  when  viewed  from  the  air  or  from  ridgetops 
to  the  north  and  east  on  the  Roan  Plateau . 

Visual  effects  of  pipeline  installation  could  be  extensive  and  long-term. 
Necessary  clearing  and  travel  for  construction  and  maintenance  will  create  a 
visible  scar  on  the  landscape  for  195  miles.    Even  with  optimum  rehabilita- 
tion, this  scar  will  remain  visible  over  most  of  the  route  for  many  years.    Since 
the  route  traverses  some  areas  of  relatively  undisturbed  country,  its  very 
presence  will  encourage  traffic  by  vehicles  and  animals.    Status  as  a  de 
facto  road  or  trail  would  assure  perpetuation  of  its  visual  impact. 

Powerline  rights-of-way  on  the  plateau  will  have  visual  effects  of  similar 
nature  and  duration  as  the  pipeline.    In  addition,  tower  structures  and  con- 
ductors will  be  skylined  and  obvious  to  any  viewer  at  short  or  long  range. 

New  housing  and  public  and  commercial  buildings  will  be  required  to 
accommodate  the  needs  of  induced  population  in  the  Grand  Valley  area. 
The  degree  of  adverse  effect  on  the  local  scene  will  vary  according  to  the 
dispersal  pattern  that  occurs.    Unplanned  proliferation  of  house  trailers 
and  makeshift  housing  around  Grand  Valley  and  along  the  highways  and 
roads  of  the  area  would  produce  an  unsightly  rural  slum.    The  existing 
picturesque,  predominantly  rural  character  of  the  area  will  be  permanently 
altered . 

SUMMARY 

The  cumulative  impact  of  construction  and  development  over  the  next  several 
years  will  markedly  alter  local  scenic  views.    Relatively  short-term  effects 
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of  construction  will  be  significant  at  the  Grand  Valley  staging  area,  the  plant- 
mine  complex,  and  on  segments  of  pipeline  and  powerline  routes  in  close 
proximity  to  inhabited  areas  and  major  travel  routes.    Local  scenery  will  be 
adversely  affected  indefinitely  along,  or  in  line  with,  the  hundreds  of  miles 
of  proposed  pipeline  and  powerlines,  as  will  natural  sites  committed  to 
residential  and  commercial  development. 

In  terms  of  the  pastoral,  and  in  some  places,  remote  and  wild  character  of  much 
of  the  overall  affected  area,  the  cumulative  effect  of  the  proposed  actions  would 
be  a  permanent  reduction  in  visual  and  aesthetic  quality.    Imposition  of  an  indus- 
trial facility  of  the  size  planned,  in  an  area  where  no  industrial  type  disturb- 
ance has  been  experienced,  will  have  a  significant  effect  on  viewers  for  miles 
around  and  from  the  air.    Smoke  and  vapor  emissions  and  development  of  smog 
conditions  during  temperature  inversions  will  be  variable,  but  significant, 
aesthetic  effects  of  plant  operations.    Altered  topography  and  surface  condition 
of  the  plant  complex  and  waste  disposal  sites  will  be  significant  and  have  an 
essentially  irreversible  adverse  effect  on  the  existing  vistas  of  the  Roan  Plateau 
and  from  the  air  . 

RECREATION  RESOURCES 

As  a  result  of  an  estimated  4, 100  persons  increase  in  population,  more  inten- 
sive use  of  developed  recreational  sites  is  expected.    Developed  sites  include 
ski,  picnic,  fishing,  snowmobiling,  and  hiking  areas.    Undeveloped  recrea- 
tional sites  will  also  experience  increased  use.    Some  undeveloped  sites  could 
be  disturbed  physically  by  construction  activities  such  as  the  removal  of  groves 
of  trees  which  now  afford  opportunity  for  picnicking,  birdwatching,  etc. 

REGIONAL 

The  most  significant  impact  on  recreation  resources  is  expected  to  come  from 
the  increased  population  which  will  occur  as  a  result  of  the  proposed  develop- 
ment.   The  induced  population  of  4, 100  people  during  the  operational  phase 
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will  add  to  the  1970  Colorado  five-county  (Mesa,  Garfield,  Rio  Blanco,  Pitkin, 
and  Eagle)  population  of  87,704  which  is  expected  to  increase  to  149,000  by 
the  year  1985  (disregarding  other  oil  shale  developments  in  the  region)  (33)  . 
It  is  expected  that  a  percentage  of  the  increased  population  will  hunt,  fish, 
camp,  picnic,  hike,  ski,  and  sightsee  on  these  lands  no  matter  where  the 
population  is  located  within  the  region.    Any  increase  in  population  induced 
by  the  Colony  operation  will  have  an  adverse  impact  through  increased  use 
on  the  outdoor  recreation  resources  of  the  region. 

Increased  outdoor  recreation  may  cause  additional  development  to  take  advan- 
tage of  the  economic  opportunity.    Ski  areas  generate  impact  through  clearing 
of  forests,  construction  of  roads,  sewage  disposals,  displacement  of  wildlife, 
automobile  emissions  and  aesthetic  degradation.    It  is  possible  that  the  current 
ratio  of  overnight  use  versus  the  day  use  of  the  Aspen  and  Vail  ski  resorts  will 
trend  toward  greater  day  use,  since  the  majority  of  the  projected  increase  in 
population  will  probably  locate  within  100  miles  or  less  of  the  Aspen  area  and 
150  miles  of  the  Vail  area. 

Camping  and  riding  facilities  will  meet  the  demand  with  the  same  general 
impacts.    Already  overused  and  undermaintained  public  campgrounds  will 
deteriorate  further . 

There  should  be  no  adverse  impacts  from  the  Colony  Project  on  existing 
wilderness  or  the  wilderness  proposals  for  Colorado  National  Monument, 
Arches  National  Park  and  Canyonlands  National  Park.    The  plant  site  is 
about  64  miles  to  the  northeast  and  prevailing  winds  are  not  from  this  direction 
The  pipeline  construction  would  be  temporary  and  would  be  along  the 
existing  highway  near  Arches  and  many  miles  from  Canyonlands . 

Deterioration  of  the  quality  of  recreation  experiences  which  are  dependent 
upon  finite  resources  is  inevitable  with  increased  population  pressure. 
Crowding  and  overuse  can  destroy  the  natural  qualities  which  were  the 
original  attraction,  e.g.,  wilderness,  opportunities  for  solitude,  primitive 
camping,  or  fishing  a  natural  stream.    The  project-induced  population  will 
not  create  these  conditions  on  any  massive  scale,  but  they  will  accelerate 
the  trend  in  that  direction . 
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Construction  of  a  new  road,  powerline,  and  buried  pipeline  could  eliminate 
some  groves  of  trees  which  now  afford  opportunity  for  picnicking,  birdwatching, 
and  other  recreational  activities.    These  types  of  activities  are  limited  on 
private  land.    Portions  of  the  proposed  shale  oil  pipeline  and  powerline  cor- 
ridors are  on  national  resource  lands  and  are  available  to  these  types  of   uses 
Visual  intrusions  such  as  the  road  to  the  plant  site,  smoke  and  steam  plumes, 
will  degrade  the  quality  of  Parachute  Creek  valley  and  part  of  the  Roan  Plateau 
for  scenery  and  aesthetic  experience.    Access  to  hunting,  fishing,  and  off-road 
vehicle  areas  in  Parachute  Creek  valley  and  on  the  Dow  West  property  is  con- 
trolled as  a  result  of  private  ownership  of  these  lands.     Parts  of  Parachute  Creek 
are  stocked  with  trout  by  the  State  of  Colorado.    Fishing  along  Parachute  Creek 
is  allowed,  though  permission  to  cross  private  land  must  be  granted  by  the  land- 
owner. 

LAND  EXCHANGE 

The  recreation  activities  on  the  selected  lands  would  not  be  impacted  since 
these  tracts  are  not  accessible  to  the  public  at  the  present  time.    There  would 
be  a  beneficial  impact  on  recreation  if  the  exchange  were  consummated  due 
to  the  location  of  the  offered  lands .    The  offered  lands  amount  to  approxi- 
mately 332  acres  and  adjoin  the  Naval  Oil  Shale  Reserve.    This  would  make 
this  additional  area  available  to  the  public  for  recreational  pursuits . 

Some  permanent  new  access  may  be  necessary  for  maintenance  purposes. 
Some  of  this  intended  access  and  rights-of-way  clearing  for  pipeline  and 
powerline  construction  could  afford  new  travel  routes  for  hunters,  snow- 
mobilers  and  assorted  recreational  vehicles. 

CULTURAL  VALUES 

Archeological  surveys  of  the  Dow  West  property,  service  corridor  and  staging 
area  have  produced  no  artifacts  or  archeological  sites  (32)  (35)  . 
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Clearing,  grading,  and/or  construction  of  facilities  on  approximately  4,100 
acres  has  the  potential  to  damage  or  destroy  any  unknown  objects  of  archeologic/ 
paleontologic  value  that  may  exist  on  the  site.    Although  the  physical  size 
of  the  plant  is  large  and  would  be  served  by  lengthy  rights-of-way,  chances 
of  destroying  items  of  cultural  interest  appear  slight. 

Powerline  construction  across  the  Roan  Plateau  has  potential  for  significant 
adverse  impact  on  archeological  resources.    On  80  sites  inventoried  on  the 
Naval  Oil  Shale  Reserve  in  1973  by  the  Department  of  Anthropology,  Univer- 
sity of  Colorado  (33)  ,  3  are  within  Corridor  "A"   (Figure  II-3)  of  the  Public 
Service  Company's  powerline  route  study  and  several  others  are  in  close 
proximity.    Of  the  3  sites,  1  has  been  proposed  for  excavation.    Powerline 
construction  through  this  area  could  jeopardize  these  resources  through 
accidential  destruction  or  vandalism  by  construction  crews  and  members  of 
the  public  drawn  to  the  ara  by  newly-created  access .    Proposed  Corridors 
11 B"  and  "C"  cross  the  Roan  Plateau  outside  the  Naval  Oil  Shale  Reserve  and 
have  undetermined  potential  for  impact  on  archeological  resources  because 
those  routes  have  not  had  an  archeological  investigation  conducted  along 
them.    Such  a  survey  would  have  to  be  conducted  before  a  right-of-way 
could  be  considered  on  these  routes . 

Construction  or  surface  disturbance  on  the  3,  000  acres  of  private  land 

within  the  proposed  Planned  Unit  Development  on  Battlement  Mesa  (Chapter  IX) 

has  the  potential  of  impacting  some  or  all  of  the  13  camp  sites  located  on 

the  property  (35)  .    Such  impact  however  is  considered  to  be  minimal  because 

of  Colony's  efforts  in  obtaining  the  survey  and  willingness  to  take  action 

to  protect  the  sites .    Some  impact  could  come  from  certain  individuals 

living  in  the  Battlement  Mesa  community  who  would  discover  and  intensively 

collect  or  pillage  those  sites  not  disturbed  by  the  actual  construction  of  the 

community. 

Expected  impacts  of  the  proposed  pipeline  corridor  from  construction  activi- 
ties on  archeology  are  considered  minimal.    The  corridor  does  not  cross 
any  areas  known  to  contain  archeological  sites  (36)  .    Additional  intensive 
surveys  will  be  required  before  a  right-of-way  is  granted.    It  should  be 
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assumed  that  there  is  always  the  possibility  that  pipeline  construction  might 
uncover  buried  sites  which  do  not  have  visible  surface  features  even  though 
the  chances  of  this  happening  are  remote.    The  activities  associated  with 
oil  spill  recovery  could  possibly  damage  archeological  sites.    Fossil  plants, 
insects,  and  fish  are  typical  of  paleontological  specimens  that  may  be 
encountered  wherever  rocks  of  the  Green  River  Formation  crop  out.  There 
are  about  two  miles  of  Wasatch  Formation  and  about  six  miles  of  Morrison 
Formation  along  the  pipeline  route  where  other  vertebrate  fossils  could 
be  encountered.    However,  much  of  this  area  where  the  route  passes 
is  already  cut  by  pipelines,  railroads,  and  highways.    Heavy  grading  for 
plant  and  mine  structures,  pipeline  trenching,  and  grading  for  powerline 
structures  will  disburb  any  fossils  in  the  rocks  encountered. 

The  proposed  action  will  have  no  impact  on  any  national  registry  sites. 
The  only  National  Register  site  in  the  vicinity  of  the  project  is  the  Courthouse 
Wash  Pictographs  which  are  on  the  edge  of  Arches  National  Park  and  would 
not  be  affected  by  the  proposed  pipeline  route. 

Adverse  impact  on  items  of  historical  interest  is  considered  to  be  minimal. 
The  small  block  house  mentioned  in  Chapter  III  is  just  east  of  the  staging 
grounds.    The  Battlement  Mesa  School  House  (a  proposed  National  Register 
Site)  is  outside  of  the  boundaries  of  the  Battlement  Mesa  development  property 
The  two  other  structures  of  historic  interest  have  already  been  identified 
and  would  probably  be  excluded  from  construction  activities. 

Along  the  pipeline  route,  the  Escalante-Dominguez  Trail  which  is  presently 
being  considered  for  inclusion  to  the  National  Trails  System  crossed  the 
pipeline  route  near  the  boundary  of  Garfield  and  Mesa  counties.    Historians 
are  not  sure  of  the  exact  location  of  this  trail  crossing  and  as  the  pipeline 
would  be  built  along  an  existing  vehicle  trail  in  this  vicinity  no  impact  to 
any  unchanged  portion  of  the  trail  would  occur. 
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The  pipeline  route  would  also  cross  the  abandoned  grade  of  the  old  narrow 
guage  Uintah  Railroad  which  is  under  study  for  nomination  to  the  National 
Register.    However,  the  portion  of  the  grade  that  the  pipeline  would  cross 
is  the  present  location  of  the  county  road  up  West  Salt  Creek  and  the  pipeline 
crossing  would  have  no  adverse  impact  at  this  location.    This  has  been  confirmed 
by  the  State  Historical  Officer  for  Colorado . 

Wolfe  Ranch,  a  National  Register  property,  is  located  along  Salt  Wash  inside 
Arches  National  Park.    Because  of  its  access  the  bridge  across  the  wash  near 
the  site  was  identified  in  the  Oil  Spill  Contingency  Plan  (Appendix  1) 
as  an  oil  spill  recovery  site.    The  possibility  of  any  oil  reaching  the 
boundaries  of  Arches  National  Park  or  the  vicinity  near  the  Wolfe  Ranch 
is  very  remote.    The  site  is  located  approximately  15  miles  from  the  pipeline 
and  the  break  would  have  to  be  at  just  the  right  spot  during  a  period  of  high 
runoff. 

An  old  narrow-gauge  Denver  and  Rio  Grande  Western  Railroad  grade  exists 
in  eastern  Utah  in  an  area  where  the  pipeline  route  would  cross  it.    The  grade 
is  presently  crossed  by  1-70,  access  roads,  pipelines,  and  the  existing 
standard  gauge  railroad .    The  impact  from  the  pipeline  is  not  considered 
to  be  significant. 

The  pipeline  route  will  not  impact  recognizible  portions  of  the  Moab-Thompson 
road,  Moab-Green  River  road,  Spanish  Trail,  Fremonts  Route  or  the  old 
Colorado  River  crossing.    No  other  items  of  historical  interest  along  the 
Utah  pipeline  route  will  be  affected . 

SUMMARY 

Surface  disturbance  associated  with  proposed  construction  operations  could 
damage  any  items  of  archeological  or  paleontological  interest  which  are 
encountered.    Except  for  the  powerline,  studies  indicate  that  there  are  no  sur- 
face expressions  indicating  possible  locations  and  values.    In  addition,  such 
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objects  now  known  or  to  be  discovered  during  construction  operations  could 
be  vandalized  by  construction  workers  or  members  of  the  public  who  gain 
access  to  the  sites.    Positive  impact,  in  the  form  of  scientific  benefits,. will 
result  from  any  discovery  and  preservation  of  previously  unknown  archeo- 
logical  and  paleontological  remains  if,  in  fact,  any  are  found. 

SOUND  LEVELS 

Occupational  noise  exposure  can  induce  hearing  loss  to  industrial  workers. 
Sounds  alien  to  the  existing  environment  are  expected  from  the  plant  com- 
plex, Grand  Valley  terminal  facilities,  and  increased  traffic,  especially 
in  the  Parachute  Creek  valley. 

PLANT  COMPLEX  AND  SUPPORT  FACILITIES 

Noise  measurements  made  during  operation  of  Colony's  semiworks  plant  and 
mine  indicate  that  noise  may  have  a  significant  impact  on  commercial  plant 
and  mine  workers.    Observed  sound  pressure  levels  during  semiworks  plant 
operation  ranged  from  74  to  117  decibels   (db)  in  working  areas  of  the 
mine,  and  72  to  111  db  at  the  crushing  plant.    Permissible  employee  noise 
exposure  limits  set  by  the  the  U.S.  Department  of  Labor,  Occupational 
Safety  and  Health  Administration,  as  shown  in  Table  IV-22,  range  from  90 
(db)  for  a  full  8-hour  day  to  115  (db)  for  a  15-minute  exposure  in  an 
8-hour  day. 

Sound  level  measurements  have  been  made  at  Colony's  prototype  mine  and 
crushing  operations.    In  working  areas  in  the  mine,  sound  pressures  have 
ranged  from  74  to  117  db   (2)  ,  depending  on  the  location  and  specific 
operation  being  conducted.    At  the  crushing  plant,  sound  pressure  levels 
were  found  to  range  from  72  to  111  db   (2)  ,  depending,  again,  on  the 
location  and  specific  operation  being  conducted  during  the  test.    Noise  stan- 
dards are  based  on  employee  exposure  to  noise,  not  simply  on  whether  or  not 
noise  exists.    Evaluation  to  relative  hazards  depends  on  the  degree  of  noise 
exposure. 
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TABLE  IV-22 
PERMISSIBLE  NOISE  EXPOSURE   (2) 


Duration  Per  Day    (Hours)  Sound  Level  -  db 

8  90 

6  92 

4  95 

3  97 

2  100 

1   1/2  102 

1  105 

1/2  110 

1/4  or  less  115 


At  the  time  that  equipment  was  designed  for  use  at  Colony's  prototype  mine  and 
crushing  operations,  no  noise  regulations  existed.    Noise  regulations  will  be 
considered  in  the  design  of  the  commercial  plant  and  operations  will  have  to 
be  conducted  in  accordance  with  applicable  regulations.    This  will  result  in 
a  lowering  of  sound  pressure  levels  in  the  commercial  plant  compared  to  those 
measured  in  the  prototype  operations. 

The  impact  of  noise  on  wildlife  that  presently  live  near  the  mine  bench, 
retorting/upgrading  plant  site,  and  processed  shale  disposal  site  has  not 
been  evaluated .    It  is  likely  that  plant  noise  levels  will  cause  them  to  move 
to  other  locations   (2)  . 

A  great  variety  of  sounds  alien  to  the  existing  environment  is  expected 
to  emanate  from  the  plant  complex  and  Grand  Valley  terminal  facility.    It 
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is  not  known  if  sound  levels  from  these  facilities  will  be  hazardous  to 
employees . 

Noise  of  industrial  traffic  on  the  Parachute  Creek  road  will  become  an 
integral  part  of  the  environment  in  the  service  corridor .    This  will  affect 
the  few  residents  in  Parachute  Creek  canyon  and  the  quality  of  existing 
aesthetic  conditions. 

Noise  generated  during  construction  operations  on  the  plant  site,  service 
corridor,  and  shale  oil  pipeline  may  be  locally  severe.     Noise  and  vibrations 
from  construction  of  the  mine  bench  and  associated  roads  at  the  head  of  the 
canyon  of  the  Middle  Fork  will  add  to  the  probability  of  rock  slides,  and 
could  dislodge  the  unstable  cliff  blocks  along  the  canyon  walls   (Figure  111-53)  . 
The  transient  nature  and/or  remote  locations  of  those  activities  minimize  the 
potential  effects  on  human  and  wildlife  populations . 

SUMMARY 

Sound  pressures  created  by  the  proposal  have  the  potential  for  lasting  and 
cumulatively  serious  effects  only  on  workers  in  the  mining  and  ore-crushing 
operations.    Traffic  and  other  industrial  noise  in  Parachute  Creek  canyon 
and  on  the  adjacent  plateau  will  be  long-term  intrusions  on  the  existing 
environment.    The  increased  noise  levels  will  be  noticed  by  approximately 
12  families  in  residence  in  the  Parachute  Creek  valley.    It  is  likely  that 
increased  noise  levels  will  cause  wildlife  to  move  to  other  locations  (2)  . 
Effects  of  increased  sound  levels  during  construction  activities  will  be  mini- 
mized by  the  transient  nature  and  relative  isolation  of  noise  sources;   however 
one  effect  may  be  the  dislodgment  of  unstable  cliff  blocks  on  the  sides  of  the 
upper  canyon  of  the  Middle  Fork. 

TRANSFORATION  FACILITIES 

Effects  on  transportation  networks  will  be  caused  by  increased  commerical 
hauling  during  all  construction  and  plant-mine  operation;   increased  auto- 
mobile traffic;  pipeline  construction  across  existing  roads,  highways,  and 
railroads;  and  from  construction  of  new  or  improved  access  to  the  plant 
complex  and  Grand  Valley  terminal  facility . 
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In  Utah,  the  existing  State  and  Interstate  highway  net  will  service  the  majority 
of  the  pipeline.    Off-highway  travel  during  construction  can  be  accommodated 
by  existing  secondary  roads  and  by  the  pipeline  right-of-way.    The  State  has 

authority  to  impose  temporary  weight  limitations  to  prevent  road  surface  damage 
that  might  arise  from  seasonal  or  local  conditions. 

In  Colorado,  maximum  weight  regulations  on  the  State  highway  system  are  25 
percent  greater  than  for  Interstate  highways.    Colorado's  resident  Highway 
Division  Engineer  asserts  that,  without  exception,  no  State  or  County  road 
in  the  Grand  Valley  area  is  designed  to  carry  heavy  industrial  traffic .    Road 
base  is  not  consistently  competent  to  support  repeated  loading,  which  will 
cause  surface  matt  disintegration  and  wholesale  structural  failure.    A  vivid 
example  of  such  road  damage  is  State  Highway  139  over  Douglas  Pass  between 
Rangely  and  Loma,  Colorado.    Fifteen  round  trips  daily  by  oil  tank  trucks 
reduced  much  of  this  blacktop  road  to  a  muddy  and/or  dusty  travel  trail  in  a 
matter  of  months.    Trucking  thousands  of  tons  of  building  material  and  ma- 
chinery from  the  Grand  Valley  staging  area  to  the  plant-mine  site  would 
destroy  the  existing  County  road  up  Parachute  Creek.    The  roadbed  and  matt 
would  be  completely  destroyed .    Heavy  truck  traffic  over  the  existing  County 
roads  and  truck  trails  servicing  the  plateau  for  transporting  pipe  and  construc- 
tion activities  will  cause  large  quantities  of  dust  emissions,  rutting,  and  deep 
tracks  when  the  soil  is  wet.    When  the  soil  is  very  wet  as  in  the  spring,  the 
road  is  impassable  for  heavy  loads. 

Non-commercial  traffic  by  Colony's  commuting  work  force  will  be  heaviest 
in  the  Parachute  Creek  corridor,  moving  up  to  2,000  persons  daily  whether 
by  personal  vehicles  or  buses.    Noise  and  congestion  caused  by  the  increased 
auto,  bus  and  truck  traffic  will  be  especially  noticed  and  probably  be  irri- 
tating to  the  residences  of  the  Parachute  Creek  valley.    Other  roads  in  the 
vicinity  of  Grand  Valley  will  experience  marked  increases  in  traffic  regard- 
less of  where  the  induced  population  resides. 

Effects  of  the  increases  in  traffic  will  be  reflected  in  accelerated  deteriora- 
tion of  State  and  County  road  surfaces  and  increased  maintenance  costs. 
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Necessary  maintenance  and  reconstruction  will  produce  local  traffic  conges- 
tion, hazard,  and  inconvenience  to  motorists.    Detour  routes  v/ill  suffer 
temporary,  and  perhaps  permanent,  adverse  effects  from  traffic  loads  in 
excess  of  design  capacity.    Other  traffic-related  adverse  effects  will  include: 
greater  frequency  of  motor  vehicle  accidents  with  attendant  death,  injury, 
and  property  damage;  increased  death  loss  of  wild  and  domestic  animals;  and 
lowered  air  and  noise  quality. 

By  virtue  of  the  plant  development  and  the  induced  population  increase  pro- 
jected for  the  area,  it  is  anticipated  that  there  will  be  additional  air  passenger 
arrivals  and  departures  generated.    Frontier,  United,  and  Western  Air  Stage 
Lines  presently  provide  scheduled  air  service  to  and  from  Grand  Junction. 

Charter  service  is  also  presently  available  in  the  region.    It  is  expected  that 
some  slight  impact  on  existing  air  service  facilities  could  result  through  in- 
creased business  and  air  travel  uses . 

Expansion  of  the  Rifle  Airport  is  being  considered  by  Garfield  County  as  a 
routine  matter  under  the  Federal  Airport  and  Airway  Development  Act  of  1970. 

Effects  of  pipeline  construction  in  or  across  rights-of-way  for  existing  high- 
ways, roads,  and  railroads  will  be  minor  and  short-term. 

The  pipeline  will  be  buried  in  or  across  unpaved  roads  with  minimal  disrup- 
tion of  local  traffic  and  with  no  lasting  effects  on  the  road  surface.    In  presently 
remote  and  inaccessible  areas,  the  pipeline  right-of-way  clearing  may  become 
a  de  facto  road .    This  will  be  considered  by  the  users  to  be  a  valuable  extension 
of  the  existing  road  net.    However,  without  maintenance,  negative  effects  would 
include  hazard  to  the  users,  as  well  as  intrusions  on  aesthetics,  wildlife,  and 
soils,  all  of  which  are  discussed  elsewhere  in  this  chapter. 

Construction  of  the  spur  line  from  the  main  line  of  the  Denver  and  Rio  Grande 
Western  Railroad  to  the  Grand  Valley  terminal  facility  will  involve  two  grade 
crossings  on  existing  U.S.  Highway  6  and  24.    Colorado  Public  Utility  Commission 
has  approved  construction  of  the  railroad  spur  and  one  of  the  grade  crossings  and 
10,000  feet  of  track  were  constructed  in  the  spring  of  1976. 
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The  grade  crossings  will  be  on  the  east  and  west  arms  of  the  spur's  "Y" 
connections  with  the  main  line  east  of  Grand  Valley.    The  eastern  arm  will 
necessitate  relocation  of  an  existing  county  road .    It  is  uncertain  what  effect 
the  spur  line  will  have  on  future  options  for  alignment  and  design  of  Interstate 
70  and  additional  roads  and  streets  that  may  be  needed  for  eastward  expan- 
sion of  the  town  of  Grand  Valley.    An  overpass  is  planned  for  Interstate  70 
over  the  stem  of  the  "Y" . 

Railroad  officials  have  affirmed  that  existing  main  line  trackage  and  sched- 
uled upgrading  operations  assure  physical  capability  to  continue  present 
rail  service  to  the  region  and  to  accommodate  all  of  Colony's  anticipated  rail 
transportation  needs,  including  a  unit  train  alternative  for  transportation 
of  either  upgraded  or  unrefined  shale  oil. 

Necessary  upgrading  of  the  County  road  up  Parachute  Creek  and  construction 
or  reconstruction  of  other  roads  in  the  vicinity  of  Grand  Valley  will  cause 
temporary  inconvenience  to  local  travelers,  and  may  strain  local  highway 
budgets.    However,  if  revenues  are  available  for  adequate  design,  construc- 
tion, and  maintenance,  the  long-term  effect  will  be  an  expanded  and  improved 
highway  and  secondary  road  net.    Colony's  road  work  in  the  upper  part  of 
Middle  Fork  canyon  will  improve  physical  access  to  the  Roan  Plateau.    Any 
road  construction  across  public  lands  needed  for  continuing  maintenance  of 
the  pipeline  or  powerlines  will  supplement  the  existing  road  system  on  the 
plateau . 

SUMMARY 

Heavy  industrial  traffic,  combined  with  increased  traffic  resulting  from  in- 
creased population,  will  have  immediate  and  long-lasting  adverse  effects  on 
the  local  highway  and  secondary  road  system.    New  construction  and  major 
reconstruction,  as  will  be  necessary  in  the  Parachute  Creek  service  corridor 
and  to  service  any  new  town,  will  afford  long-term  surface  transportation 
benefits . 
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Existing  railroad  rolling  stock  and  main  line  trackage  appear  to  be  adequate 
to  accommodate  Colony's  anticipated  rail  freight  needs.    No  additional  trains 
or  crews  will  be  required  for  shipment  of  by-products  or  incoming  material 
and  equipment. 

SOCIO-ECONOMIC  CONDITIONS 

The  socio-economic  impacts  were  analyzed  as  if  the  increases  related  to  the 
proposed  project  are  the  only  ones  which  will  occur  within  this  area.    The 
region  in  which  the  project  is  located  is  experiencing  growth  trends  which 
will  continue  into  the  future.    In  order  to  draw  a  comparison  as  to  the  signifi- 
cance of  the  impacts  associated  with  the  project,  the  existing  trends  without 
oil  shale  development  were  briefly  analyzed. 

Utilizing  the  distribution  and  timing  information  from  the  July  8,  1974, 
revised  Colony  Development  Operation  schedule,  the  employment-population 
model  described  in  Chapter  III  (37)  was  used  to  develop  population  and 
employment  impacts.    Since  that  time,  a  delay  was  announced  by  Colony. 
Revised  impacts  were  not  calculated  since  a  firm,  new  time-frame  has  not 
been  announced.    Therefore,  the  timing  of  impacts  in  this  analysis  may  be 
incorrect  by  some  unknown  factor.    However,  this  will  not  significantly 
alter  the  amount  or  magnitude  of  the  project  impacts.    They  will  still  occur 
sequentially,  when  the  project  is  initiated. 

The  data  used  in  the  model  includes  the  assumption  that  Colony  will  develop 
some  of  its  Battlement  Mesa  property  to  provide  trailer  hook-ups  and  perma- 
nent housing,  plus  some  infrastructure  or  service  facilities  as  needed,  if 
adequate  facilities  are  not  otherwise  readily  available.    However,  the  develop- 
ment of  a  "new  town"  or  planned  unit  development  to  accommodate  a  major 
portion  of  the  Colony  induced  population  is  considered  an  alternative  and, 
as  such,  is  discussed  in  Chapter  IX  of  this  EIS . 
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EMPLOYMENT 

Phase  I  is  the  years  when  primarily  construction  activity  is  taking  place 
(years  1  through  3)  .    Phase  II  is  primarily  mine  and  plant  operation  (year  4 
and  after)  . 

Hypothetical  distribution  of  employment  essentially  assumes  all  employment 
will  be  captured  by  two  counties  -  Mesa  and  Garfield  (Table  IV-23)  . 

Table  IV- 24  shows  the  estimated  total  employment  to  be  generated  by  Colony 
operations  during  both  phases.    As  can  be  seen  from  this  table,  there  is  sub- 
stantial overlap  or  carryover  from  Phase  I  to  Phase  II.    The  distinction  is  made 
primarily  for  convenience  of  analysis.    Since  Colony  expects  to  employ  some 
people  from  within  the  region,  Table  IV-25  shows  the  estimate  of  local  employ- 
ment.   Thus,  population  impacts  will  be  somewhat  less  than  that  suggested 
by  the  generation  of  new  employment,  due  to  the  recruitment  of  some  workers 
from  within  the  region . 

The  30  -  70  percent  capture  rate  of  employment  benefits  by  Mesa  and  Garfield 
counties  respectively,  for  Cases  1  and  2  was  applied  to  indirect  as  well  as 
to  construction,  mine,  and  plant  operations  employees.    For  Case  3,  the  long- 
term  employment  distribution  is  15  percent  for  Mesa  County  and  85  percent 
for  Garfield .     (Colony  data  suggest  that  up  to  90  percent  of  the  short-term, 
Phase  I,  employment  benefits  might  be  captured  by  Garfield  County.) 
Table  IV-26  depicts  the  employment  distribution  for  the  phases,  cases,  and 
counties  involved . 

Tables  IV-27  through  IV-30  summarize  the  increase  in  jobs  and  employment 
in  Garfield  and  Mesa  counties  during  the  1975-1980  period  which  will  occur 
as  a  result  of  the  proposed  project.    The  1980  projections  do  not  include  other 
possible  energy-minerals-related  developments  that  may  occur  apart  from,  or 
in  addition  to,  the  proposed  development. 
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TABLE  IV-23 
ASSUMED  EMPLOYMENT  DISTRIBUTION   (38) 


Phase  1    (Years  1  and  2) 

Case  1 

Case  2 

Case  3 

Mesa  County 

30%  (a) 

30% 

10% 

Grand  Junction 
DeBeque  (b) 

20% 
10% 

20% 
10% 

10% 

Garfield  County 

70% 

70% 

90% 

Glenwood  Spring 

Battlement  Mesa 

Rifle 

Grand  Valley 

Silt,  New  Castle 

s 
(c) 

(b) 

10% 
10% 
20% 
10% 
20% 

10% 

30% 
30% 

10% 
80% 

Phase  2    (Years  3  & 

4) 

Mesa  County 

30% 

30% 

15% 

Grand  Junction 
DeBeque 

20% 
10% 

20% 
10% 

15% 

Garfield  County 

70% 

70% 

85% 

Glenwood  Spring 

Battlement  Mesa 

Rifle 

Grand  Valley 

Silt,  New  Castle 

IS 

10% 
10% 
20% 
10% 
20% 

10% 

30% 
30% 

15% 
70% 

(a)  Percentages  represent  estimated  capture  by  the  designated  communities 
or  areas . 

(b)  Revised  information  from  Colony  uses  the  term  "River  Bottom"  as  a 
generalization  for  the  unincorporated  areas  surrounding  DeBeque,  Silt, 
and  New  Castle  which  may  receive  increased  population. 

(c)  Battlement  Mesa  refers  to  those  lands  situated  south  of  Grand  Valley  and 
across  the  Colorado  River.    This  area,  owned  by  Colony  and  consisting 
primarily  of  farmland,  is  the  area  Colony  has  indicated  will  be  developed 
to  provide  housing  for  at  least  some  of  the  Colony  employees.    It  is  thus 
the  location  of  what  has  been  called  a  "new  town" . 
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TABLE  IV-24 
TOTAL  EMPLOYMENT  GENERATED  BY  COLONY  OPERATIONS 


(38) 


MONTH 


CONSTRUCTION 


MINE  &  PLANT 

INDIRECT 

0 

20 

0 

100 

0 

250 

50 

220 

70 

489 

110 

687 

140 

718 

180 

746 

220 

774 

370 

896 

520 

916 

670 

856 

820 

876 

900 

910 

1,040 

1,012 

1,040 

1,012 

1,040 

1,012 

TOTAL 


1 
4 
7 
10 
13 
16 
19 
22 
25 
28 
31 
34 
37 
40 
43 
46 
49 


200 

600 

1,100 

950 

1,500 

2,350 

2,400 

2,400 

2,400 

2,300 

1,800 

900 

400 

100 

0 

0 

0 


220 
700 
1,350 
1,220 
2,059 
3,147 
3,258 
3,326 
3,394 
3,566 
3,236 
2,426 
2,096 
1,910 
2,052 
2,052 
2,052 


ASSUMED  ANNUAL  EMPLOYMENT 


YEAR 


CONSTRUCTION 


MINE   &  PLANT 

INDIRECT 

TOTA 

70 

489 

2,059 

220 

774 

3,394 

820 

876 

2,096 

1,040 

1,012 

2,052 

1  (1976) 

2  (1977) 

3  (1978) 

4  (1979) 


1,500 

2,400 

400 

0 
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TABLE  IV-25 

ESTIMATED  EMPLOYMENT 

TO  BE  FILLED  BY  LOCAL  RESIDENTS    (38) 


MONTH 

CONSTRUCTION 

MINE  &  PLANT 

INDIRECT 

TOTAL 

1 

50 

0 

10 

60 

4 

100 

0 

50 

150 

7 

200 

0 

50 

250 

10 

200 

0 

50 

250 

13 

300 

0 

100 

400 

16 

300 

25 

100 

425 

19 

300 

50 

100 

450 

22 

300 

50 

100 

450 

25 

300 

50 

100 

450 

28 

300 

50 

100 

450 

31 

200 

100 

100 

400 

34 

200 

150 

100 

450 

37 

100 

200 

150 

450 

40 

50 

250 

150 

450 

43 

0 

300 

150 

450 

46 

0 

300 

150 

450 

49 

0 

300 

150 

450 
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TABLE  IV-26 
INCREMENTAL  NUMBER  OF  JOBS  IN  THE  TWO  COUNTIES    (38) 


COUNTY 

YEAR 

CONSTRUCTION 

MINE  &  PLANT 

INDIRECT 

TOTAL 

i 

CASES   1  AND 

2 

Mesa 

1976 

0 

0 

147 

147 

1977 

0 

0 

232 

232 

1978 

0 

0 

263 

263 

1979 

0 

0 

304 

304 

Garfield 

1976 

1, 

,500 

70 

342 

1,912 

1977 

2, 

,400 

220 

542 

3,162 

1978 

400 

820 

613 

1,833 

1979 

0 
CASE 

1 
3 

,040 

708 

1,748 

Mesa 

1976 

0 

0 

49 

49 

1977 

0 

0 

77 

77 

1978 

0 

0 

131 

131 

1979 

0 

0 

152 

152 

Garfield 

1976 

1 

,500 

70 

440 

2,010 

1977 

2 

,400 

220 

697 

3,317 

1978 

400 

820 

745 

1,965 

1979 

0 

1 

,040 

860 

1,900 
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TABLE  IV-27 
SUMMARY  OF  INCREASES  IN  JOBS  FOR  GARFIELD  COUNTY*  (37) 

(By  place  of  work) 
1975  -  1980 

CASES    1  AND   2  CASE   3 

1975  2  2 

1976  1,912  2,010 

1977  3,162  3,317 

1978  1,833  1,965 

1979  1,748  1,900 

1980  1,748  1,900 

*The  number  of  employees  residing  in  the  2  counties  differ  from  the  num- 
ber of  jobs  due  to  different  location  and  migration  (travel)  assumptions. 


TABLE  IV-28 
SUMMARY  OF  INCREASE  IN  EMPLOYMENT  FOR  GARFIELD  COUNTY  (37) 

(By  place  of  residence) 
1975  -1980 

CASES  1  AND  2  CASE  3 

1975  2  2 

1976  1,108  1,507 

1977  1,965  2,676 

1978  1,417  1,807 

1979  1,337  1,676 

1980  1,326  1,658 
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TABLE  IV-29 
SUMMARY  OF  INCREASE  IN  JOBS  FOR  MESA  COUNTY   (37) 

(By  place  of  work) 
1975  -  1980 

CASES  1  AND  2  CASE    3 

1975  0  0 

1976  147  49 

1977  232  77 

1978  263  131 

1979  304  152 

1980  304  152 


TABLE  IV-30 
SUMMARY  OF  INCREASE  IN  EMPLOYMENT  FOR  MESA  COUNTY   (37) 

(By  place  of  residence) 
1975  -1980 

CASES  1  AND  2  CASE  3 

1975  0  0 

1976  618  206 

1977  1,039  346 

1978  664  326 

1979  602  319 

1980  638  319 
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The  employment  impacts  fluctuate  over  the  duration  of  the  construction  and 
operation  phases.    Table  IV-23  indicates  the  number  of  local  people  that 
Colony  estimates  will  be  employed  either  directly  or  indirectly.    It  is  prob- 
able that  some  of  this  employment  will  represent  a  transfer  of  workers  from 
underemployment  to  full  employment  status,  not  affecting  local  employment 
levels  significantly.    During  periods  of  major  hiring  and  peak  employment, 
local  unemployment  levels  will  likely  be  reduced .    Unless  the  national 
economy  strengthens,  migration  of  workers  into  the  area  will  likely  occur 
with  unemployment  levels  rising  again  . 

Employment  in  the  region  is  expected  to  almost  double  between  1970  and  1985 
(increase  by  95.5  percent)  ,  with  only  a  small  portion  of  this  increase  (5.7  per- 
cent) attributable  to  the  Colony  oil  shale  operation.    Thus,  projected  regional 
trends  dwarf  the  Colony  impact.    Unless  national  economic  conditions  adversely 
affect  the  growing  recreation-tourism  industry  and/or  reduce  the  significance 
of  the  services  sector,  Colony-related  impacts  will  increase  the  absolute  size 
of  the  mining  sector,  but  will  likely  not  change  the  relative  importance  of 
that  sector  (Table  IV-31)  . 

Additional  short-term  transitory  impacts  on  population  and  employment  will 
be  caused  by  the  pipeline  construction  crews.    Anticipated  pipeline  crews 
are  shown  in  Table  IV-32.    About  500  man-weeks  are  expected  to  be  supplied 
from  local  labor  pools,  and  the  rest  would  be  imported  manpower. 

POPULATION 

Utilizing  the  distribution  and  timing  information  from  the  July  8,  1974,  revised 
Colony  Development  Operation  schedule,  the  population  model  described  in 
reference  #  37  was  used  to  develop  population  estimates,  assuming  the  distribution 
would  be  similar  to  that  suggested  by  Colony  in  their  Impact  Analysis  (38)  . 
Alternative  projections  based  on  different  assumptions  were  made  and  can  be 
reviewed  by  the  interested  reader  (37)  . 
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TABLE  IV-31 
REGIONAL  SUMMARY  OF  PROJECTED  EMPLOYMENT  LEVELS^ 
WITH  COLONY  DEVELOPMENT  (37) 


Projected  Increase 

1970  - 

1985 

1970 

1975 

1980 

1985 

Number 

Percent 

CASES 

1  AND  2 

Eagle 

3,406 

4,910 

6,571 

8,794 

5,388 

158.2 

Garfield 

5,652 

7,412 

10,984 

13,258 

7,606 

134.6 

Mesa 

20,265 

23,191 

26,800 

30,575 

10,310 

50.9 

Pitkin 

4,375 

7,614 

11,187 

16,437 

12,062 

275.7 

Rio  Blanco 

2,438 

1,990 

1,780 

1,593 

-845 

-34.6 

Five-County 

36,136 

47,176 

57,322 

70,657 

34,521 

95.5 

Region  Summary 

Net  Increase 

-- 

— 

2,052 

2,052 

— 

5.7 

Due  to  Colony 

CASE 

3 

Eagle 

3,406 

4,910 

6,571 

8,794 

5,388 

158.2 

Garfield 

5,652 

7,414 

11,136 

13,410 

7,778 

137.3 

Mesa 

20,265 

23,191 

26,648 

30,423 

10,158 

50.1 

Pitkin 

4,375 

7,614 

11,187 

16,437 

12,062 

275.7 

Rio  Blanco 

2,438 

1,990 

1,780 

1,593 

-845 

-34.6 

Five-County 

Region  Summar 

36,136 

•y 

47,176 

57,322 

70,657 

34,521 

95.5 

Net  Increase 

Due  to  Colony 

_ — 

— 

2,052 

2,052 

— 

5.7 
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PIPELINE  CREW  SIZE   (38) 


CREW  APPROXIMATE       DURATION  OF 

NO.        HEADQUARTERS  NO .  OF  MEN        STAY   (WEEKS)     MAN-WEEKS 

6  180 

7  630 

8  720 

4.6  414 

16  800 


1 

Moab 

30 

2 

Moab 
Thompson 

90 
90 

3 

Grand  Junction 

90 

4 

Vicinity  of 

Parachute  Creek 

JO 

Total 

350 

2,745 


Assumed  hypothetical  patterns*  of  population  settlement  are: 

Case  1  -  Scattered  growth  along  the  Glenwood  Springs  -  Grand  Junction 
corridor. 

Case  2  -  Expansion  in  the  immediate  vicinity  of  existing  communities  in 

the  corridor.    Some  of  the  Grand  Junction  population  is  expected 
to  locate  on  Battlement  Mesa  (20  percent  of  the  total  induced 
population)  . 

Case  3  -  Concentrated  growth  in  the  immediate  vicinity  of  Grand  Valley, 
and  to  the  extent  it  has  been  defined,  involves  the  "new  town" 
proposal.    A  possible  capture  of  up  to  80  percent  in  Phase  I  and 
up  to  70  percent  in  Phase  II,  of  Colony-involved  population  at 
the  "new  town"  is  postulated. 

In  developing  population  projections  for  1985,  the  reader  should  remember  that 
the  model  operated  under  county-specific  assumptions  regarding  birth,  death, 
employment  rates,  etc.    As  a  result,  immigration  rates  fluctuate  according 
to  employment  conditions  and  the  1985  projections  reflect  the  action  of  all  the 
variables  operating  within  the  model . 

Tables  IV-33  and  IV-34  summarize  the  increase  in  population  in  Garfield  and 
Mesa  counties  during  the  1975-1980  period  which  will  occur  as  a  result  of 
the  proposed  project.    Table  IV-35  summarizes  the  projected  populations  for 
Cases  1,2,  and  3 . 

*Patterns  IV  and  V,  or  the  "new  town"  proposals  are  discussed  in  Chapter  IX. 
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TABLE  IV-33 
SUMMARY  OF  INCREASE  IN  POPULATION  FOR  GARFIELD  COUNTY   (37) 

1975  -  1980 


CASES  1  AND  2 

CASE  3 

1975 

4 

4 

1976 

2,771 

3,771 

1977 

4,849 

6,603 

1978 

3,342 

4,233 

1979 

3,065 

3,805 

1980 

2,972 

3,679 

TABLE  IV-34 
SUMMARY  OF  INCREASE  IN  POPULATION  FOR  MESA  COUNTY    (37) 

1975  -   1980 


CASES   1  AND  2 

CASE  3 

(S-4) 

(S-6) 

1975 

0 

0 

1976 

1,659 

553 

1977 

2,747 

915 

1978 

1,673 

839 

1979 

1,567 

801 

1980 

1,533 

783 

IV-202 


IMPACTS 


TABLE  IV-35 
REGIONAL  SUMMARY  OF  PROJECTED  POPULATION  LEVELS 
WITH  COLONY  DEVELOPMENT     (37) 


1970 


1975 


1980 


1985 


Projected  Increase 

1970  -  1985 
Number      Percent 


CASES   1 

AND  2 

Eagle* 

7,498 

10,418 

13,434 

17,350 

9,852 

131.4 

Garfield 

14,821 

18,537 

25,300 

29,667 

14,846 

100.2 

Mesa 

54,374 

59,685 

67,616 

74,469 

20,095 

36.9 

Pitkin* 

6,169 

11,804 

17,401 

25,034 

18,863 

305.8 

Rio  Blanco* 

4,842 

3,519 

2,959 

2,568 

-2,274 

-46.9 

Five-County 

87,704 

103,963 

126,710 

149,088 

61,382 

70.0 

Region  Summary 

Net  Increase 

— 

+4 

+4,505 

4,098 

— 

+4.7 

Due  to  Colony 

CASE 

3 

Eagle 

7,498 

10,418 

13,434 

Garfield 

14,821 

18,537 

26,007 

Mesa 

54,374 

59,685 

66,866 

Pitkin 

6,169 

11,804 

17,401 

Rio  Blanco 

4,842 

3,519 

2,959 

Five-County 

87,704 

103,963 

126,667 

Region  Summary 

Net  Increase 

— 

+4 

+4,462 

Due  to  Colony 

17,350  9,852  131.4 

30,306  15,485  104.5 

73,780  19,406  35.7 

25,034  18,863  305.8 

2,568  -2,274  -46.9 

149,038  61,332  70.0 

4,048  —  4.6 


*In  conformance  with  the  projected  capture  rates,  these  counties  are  not 
affected  by  the  Colony  Development . 
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Recognizing  that  several  variables  (including  county  regulations,  possible 
development  proposals  and  unknown  buyer-renter  preferences)  will  affect 
the  actual  future  location  of  "Colony-related"  population  increases,  the  dis- 
tribution shown  in  Table  IV-36  indicates  that  actual  impacts  will  be  light  on 
towns  like  Glenwood  Springs  and  Grand  Junction  and  moderate  on  the  town 
of  Rifle.    Major  population  impacts  will  occur  in  Grand  Valley  and  DeBeque. 
These  communities  are  presently  small  and  will  have  to  plan  for  and  deal  with 
populations  several  times  their  existing  levels . 

Since  most  communities  within  the  region  are  expected  to  grow  as  the  regional 
population  expands,  the  Colony-related  impacts  will  fall  on  communities  plan- 
ning for  growth,  anyway.    However,  the  actual  demand  for  new  facilities 
and  services  will  be  pushed  higher  by  the  Colony-related  population.    Thus, 
the  project-related  population  represents  a  small  addition  to  ongoing  trends 
and  projections.    This  incremental  population  of  4, 100  people  is  expected  to 
affect  most  severely  a  few  small,  existing  communities,  and  will  test  the  abil- 
ity of  all  local  governmental  entities  in  the  region  in  meeting  the  needs  of 
their  residents. 

Population  figures  for  cities  involved  in  pipeline  construction  are  as  follows: 

Moab  4,793(1970)  Both  in  Grand  County 

Thompson  Under  50  which  had  5,900  people 


in  1972 


Grand  Junction  22,400(1972) 


In  terms  of  population,  pipeline  construction  crews  would  have  only  a  short- 
term  impact.    Moab  and  Thompson  would  experience  the  greatest  number  of 
man-weeks  of  construction  crew  residence. 
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The  1985  projections  do  not  include  other  possible  energy-minerals-related 
developments  that  may  occur  apart  from,  or  in  addition  to,  the  proposed 
development. 

Summarizing  the  data  shown  in  Table  IV-35,  it  appears  that  the  net  impact 
of  the  Colony  development,  in  terms  of  1985  population  levels,  is  an  addi- 
tional 4,098  people,  representing  an  increase  over  1970  population  levels 
of  5.9  percent. 

Some  attempt  to  clarify  the  meaning  and  magnitude  of  this  population  impact 
seems  appropriate.    Since  county  officials  have  indicated  a  desire  to  restrict 
growth  primarily  to  existing  communities,  Table  IV -36  shows  one  possible  dis- 
tribution of  the  Colony-related  population  among  existing  area  communities. 
As  some  housing  and  other  facilities  on  the  Battlement  Mesa  site  may  be 
developed,  25  percent  of  the  incremental  population  has  been  allocated  to 
that  development. 

TABLE  IV-36 

POSSIBLE  DISTRIBUTION  OF  "COLONY-RELATED" 

POPULATION  IMPACTS  ON  COMMUNITIES 


1970  Population 

Colony-Related  Population 
Distribution- 1985 

County  and  Town 

Number* 

Percent* 

Garfield 

Glenwood  Springs 
Grand  Valley 
Rifle 
Battlement  Mesa 

Mesa 

DeBeque 
Grand  Junction 

14,821 

4,106 

270 

2,150 

0 

54,374 

155 

20,174 

2,700 
240 

1,025 
410 

1,025 

1,400 
575 
825 

66 
6 
25 
10 
25 

34 
14 
20 

Total 


69,195 


4,100 


100 


*Number  and  percents  have  been  rounded  to  facilitate  calculation. 
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HOUSING 

Assuming  an  occupancy  rate  of  about  three  persons  per  household,  the 
incremental  effect  of  the  Colony  Development  represents  an  added  require- 
ment of  about  1,366  housing  units  by  1985,  over  what  will  be  required 
for  normal  population  expansion.     The  project-related  impact  is  relatively 
small  when  compared  to  estimated  total  needs,  and  will  mean  that  the  con- 
struction industry  must  expand  beyond  present  capabilities  to  meet  these 
projected  needs . 

For  purposes  of  new  dwelling  units  in  Phase  I,  it  is  assumed  that  the  per- 
centage of  mobile  home  housing  units  will  be  50  percent.    This  assumption 
is  based  on  the  transient  nature  of  the  construction  workers  and  the  fact 
that  presently  50  percent  of  the  new  housing  units  in  Garfield  County  are 
mobile  homes.    Multi-family  structures  are  assumed  to  comprise  20  percent 
of  the  total  new  housing  units.    It  is  assumed  that  30  percent  of  the  increased 
population  will  choose  non-mobile  single-family  structures  (39)  . 

It  is  assumed  that  in  Phase  II,  new  housing  units  will  be  60  percent  single 
structures,  20  percent  multi-family  structures,  and  20  percent  mobile  homes 
or  trailers.    The  basis  for  the  assumed  percentages  is  that  the  more  permanent 
induced  residents  will  prefer  conventional  housing  types  and  will  be  more 
inclined  to  housing  ownership.    New  housing  contemplated  in  Phase  I  may 
be  utilized  by  new  residents  during  Phase  II,  and  this  could  possibly 
have  the  effect  of  reducing  the  impact  contemplated  during  Phase  II  (39)  . 

Table  IV-37  shows  the  estimated  numbers  of  housing  units  required  under  the 
assumptions,  stated  above,  with  associated  land  use  requirement.    As  with 
locational  preference,  it  is  impossible  to  know  with  certainty,  preferences 
for  housing  type.    However,  the  assumptions  are  believed  realistic.    The 
allocation  of  the  total  land  requirement  will  depend  upon  locational  preferences 
and  the  composition  of  housing  types  at  a  given  location . 
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TABLE  IV- 37 
LAND  USE  REQUIREMENTS  FOR  HOUSING 


Residential 
.    Type 

D.U 
Ac 

.  's  per 
re  (a) 

Dwe 

Q. 
O 

lling  Units 
Total  Req'd 

Required 
.    Colony 

Land  Use 
Requirements 
Total     Colony  (1 

Single  family 
(Rural) 

1 

10 

2,046 

137 

2,046 

137 

Single  family 
(Urban) 
12,000  sq.ft. acre 

3.6 

50 

10,231 

683 

2,842 

190 

Multi-family 

14 

20 

4,092 

273 

292 

20 

Mobile  Homes 

8 

20 

4,092 

273 

512 

34 

Total 

100 

20,461 

1,366 

5,692 

381 

(a)  D.U.  =  Dwelling  Units;  acreage  requirements  from   (39) 

(b)  Numbers  rounded  for  convenience. 


The  project-related  housing  impact  will  require  an  estimated  381  acres 
for  1,366  housing  units.     Since  this  impact  will  be  spread  over  several 
communities,    it  will  not  be  as  severe  as  if  one  location  were  to  receive 
all  the  impacts.     While  a  100-acre  expansion  would  not  be  severe  for 
Grand  Junction,   an  expansion  of  that  magnitude  would  represent  a  severe 
impact  for  a  community  like  Grand  Valley. 

If  all  variables  were  known,    housing  and  infrastructure  impacts  could  be 
evaluated  with  a  high  degree  of  certainty.     Due  to  many  variables,    however, 
the  least  of  which  is  the  possible  development  of  a  "new  town"   (which  is  not 
a  part  of  the  stated  proposal)  ,  impacts  of  the  induced  population  cannot 
be  discussed  in  detail. 
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In  any  event,  the  housing  or  construction  industry  will  be  stretched  beyond 
existing  capacity  because  of  ongoing  growth  trends.    The  incremental  housing 
requirements  related  to  the  proposed  project  will  stretch  the  construction 
sector  even  further . 

Housing  for  the  nonresident  pipeline  construction  workers  will  largely  be  in 
the  form  of  campers  or  mobile  homes.    It  has  been  determined  that  Moab  and 
Grand  Junction  have  mobile  home  and  trailer  facilities  ("hookups")  adequate 
to  handle  the  requirements  of  the  crew  members  using  mobile  housing  during 
their  stay  in  the  area. 

"Hookups"  were  provided  in  1973  in  the  town  of  Thompson  for  60  workers 
employed  on  the  construction  of  Interstate  Highway  70  in  that  vicinity. 
Whether  the  Thompson  crew  elects  to  stay  in  Moab  or  in  Thompson,  their 
residency  would  overlap  the  peak  summer  tourist  season,  creating  temporary 
housing  difficulties. 

LOCAL  ECONOMY  AND  INCOME 

A  major  impact  of  the  proposed  action  is  the  extent  to  which  the  minerals 
or  mining  sector  of  the  regional  economy  would  be  strengthened.    Viewed 
by  itself,  the  Colony  proposal  would  inject  a  new  vitality  into  the  mining 
sector,  reversing  the  recent  historical  decline  in  absolute  terms,  perhaps 
increasing  its  significance,  relative  to  other  sectors. 

The  Colony  proposal,  by  itself,  will  likely  not  reduce  the  absolute  signifi- 
cance of  agriculture,  though  several  oil  shale  developments  would  involve 
the  shifting  of  land  and  water  resources  from  agriculture.    The  construction 
sector  will  be  stretched  beyond  existing  capacity,  stimulating  firms  from 
outside  the  region  to  move  in,  along  with  development  of  new  firms  or  busi- 
nesses.   Supply  channels  might  also  be  inadequate  until  a  new,  adjusted 
level  of  orders  and  inventories  is  achieved. 
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Growth  in  those  sectors  related  to  the  recreation-tourism  industry  would 
likely  continue.    However,  the  character  and  intensity  of  recreation  use 
would  likely  be  changed  to  more  day  use  of  available  facilities.    Growth 
in  the  services  sector  would  also  be  stimulated,  but  all  predictions  at  this 
time  indicate  that  primary  inputs  will  be  purchased  from  outside  the  region 
and  primary  products  transported  outside  of  the  region  for  processing . 

During  Phase  I  annual  salaries  and  wages  are  estimated  to  be  $32  million. 
During  Phase  II  Colony  employees  will  earn  an  estimated  income  of  $13 
million  annually. 

Table  IV-38  shows  the  earnings  and  income  multipliers  for  the  major 
industrial  sectors  in  the  five-county  region  for  1970.    The  major  impacts 
are  expected  to  be  in  Garfield  and  Mesa  counties  which  had  total  incomes 
of  $53.6  million  and  $171.3  million.    Using  the  construction  multiplier  of 
1.304  suggests  that  total  annual  income  within  the  region  will  be  increased 
by  about  $41.7  million  during  Phase  I. 

The  income  effects  of  the  1,040  Phase  II  Colony  employees  alone  is  estimated 
to  be  $13  million  (in  1974  dollars)  for  an  average  annual  income  of  $12,500 
per  employee.    Using  the  fossil  fuels  multiplier  of  1.699  suggests  that  the 
gross  impact  of  the  Colony  employment  will  be  $22,087,000.    As  the  region 
grows  and  becomes  more  self-sufficient,  the  impacts  of  the  growth  will  be 
even  larger  in  terms  of  both  income  and  employment.    Grand  Junction  is 
expected  to  maintain  its  role  as  a  regional  economic  and  trade  center.    As 
a  result,  more  of  the  income  effect  will  be  felt  in  Grand  Junction  than  the 
several  projected  population  distributions  suggest.    The  estimated  average 
annual  incomes  of  Colony  employees  would  tend  to  push  upward  the  average 
and  median  income  levels  of  all  persons  in  the  region. 

In  economic  terms,  the  impacts  of  pipeline  construction,   although  transi- 
tory,  would  be  substantial.     Because  of  the  locations  of  their  headquarters, 
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TABLE  IV-38 
EARNINGS  AND  INCOME  MULTIPLIERS 
BY  MAJOR  INDUSTRIAL  SECTOR,  1970     (40) 


EARNINGS  INDUSTRY  INCOME 

INDUSTRY  ($1,000)  MULTIPLIER 

Agriculture 

Livestock   (Excluding  Dairy /Poultry)  10,077  1.619 

Other  Agriculture  6,142  1.000 

Mining 

Metal  7,146  1.765 

Fossil  Fuels  6,184  1.699 

Quarrying  2,055  1.701 

Contract  Construction  22,845  1.304 

Manufacturing 

Food  and  Kindred  Products 
Lumber  and  Wood  Products 
Other  Manufacturing 

Transportation  and  Communication 

Public  Utilities 

Wholesale  and  Retail  Trade 

Finance,  Insurance  and  Real  Estate 

Services 

Government 
Federal 
State  and  Local 

Five-County  Region  216,734* 

*About  20  percent  of  the  total  regional  income  is  not  included  here,  but 
is  made  up  of  transfer  payments,  property  income,  etc.  that  are  difficult 
to  tie  to  a  specific  industrial  sector. 


2,554 

1.012 

1,386 

1.026 

10,669 

1.052 

12,427 

1.128 

7,737 

1.326 

36,007 

1.132 

8,297 

1.000 

44,173 

1.455 

13,003 

1.859 

25,332 

1.000 
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it  is  probable  that  the  crews  would  fill  their  needs  primarily  in  Grand 
Junction,   Colorado,   and  in  Moab,   Utah.     As  an  approximation,   Crew 
Number  Four's  purchases  have  been  split  equally  between  Glenwood 
Springs  and  Grand  Junction.    For  a  multiplier,  it  has  been  assumed 
that  these  crew  members  would  spend  at  a  level  approaching  the  per 
household  rate  in  each  area.    These  per  household  rates,  applied  to  the 
respective  man- weeks  for  each  location,  yield  these  estimates  of  retail 
expenditures . 

Moab  972  man-weeks  @  $149/household  week  $144,828 

Grand 

Junction  939  man-weeks  @  $192/household-week  180,288 

Glenwood 

Springs  320  man-weeks  @  $140/household-week  44,800 

Total  $369,916 

These  estimated  expenditures  in  Moab  would  represent  about  1  percent 
of  the  Grand  County  total  annual  retail  sales  and  would  occur  in  6  to  8 
weeks  or  less  which  greatly  magnifies  the  impact.    The  Grand  Junction 
expenditures  represent  about  0.2  percent  of  the  city's  annual  retail  sales 
and  also  about  0.2  percent  of  Mesa  County's  expenditures. 

LOCAL  TAX   BASE  AND  INFRASTRUCTURE 

Based  on  the  1970  estimated  per  capita  total  local  government  expeditures  of 
$365.90,  and  assuming  a  project-related  population  increase  of  4, 100  people, 
the  annual  impact  on  local  governmental  expeditures  totals  $1,500, 190  in  1985 
(in  1970  dollars)  .    This  cost  is  representative  of  counties  experiencing  sub- 
stantial growth  in  the  1960-1970  period  and  includes  payments  on  bonded 
and  other  indebtedness  for  required  capital  expenditures  on  infrastructure 
facilities.     (This  cost  must  be  revised  upward  consistent  with  inflation  over 
the  period  under  consideration.) 
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Table  IV-39  shows  estimated  site  requirements,  physical  plant  facilities, 
and  related  capital  costs  in  1973  dollars  for  public  facilities  needed  for  a 
population  of  4,000  people.    The  estimated  requirements  include  some  items 
as  schools,  parks,  libraries,  hospitals,  fire  and  police  protection,  as 
well  as  sewer  and  water  facilities,  etc.    Public  personnel  needs  and 
annual  salaries  (1973  dollars)  are  shown  in  Table  IV-40. 

Table  IV-41  shows  an  estimated  distribution  of  housing  units,  land  area 
needs,  public  facility  (infrastructure)  costs,  etc.,  consistent  with 
the  earlier  assumed  distribution  of  project-related  population  impacts. 
The  reader  should  remember  that,  while  the  assumed  population  distribu- 
tion is  believed  to  be  realistic,  the  actual  location  of  people  and  the  infra- 
structure system  that  serves  them  may  be  different  than  that  suggested . 
Also,  the  costs  will  be  borne  by  several  different  local  governmental 
types,  including  counties,  municipalities,  school  districts  and  special 
improvement  or  service  districts.    In  Table  IV-41,  all  cost  and  land  area 
requirements  have  been  allocated  to  specific  communities  based  on  the 
earlier  assumed  population  distribution.    In  conclusion,  it  may  be  noted 
that  present  infrastructure  systems  and  facilities  will  be  unable  to  serve 
the  Colony-related  population  impacts.    Glenwood  Springs  and  Grand 
Junction  could  likely  adjust  to  the  expected  numbers  of  increased  popu- 
lation with  a  few  problems,   but  the  impacts  on  other  smaller  commu- 
nities will  be  severe. 

The  impact  of  the  Colony  plant,   mine  and  pipeline  complex  on  income 
and  tax  revenues  will  be  substantial.    Recent  assessed  valuation  for  the 
affected  counties  is  shown  in  Table  IV-42. 

The  beneficial  impacts  will,  of  course,  be  greatest  in  the  counties  with  the 
lowest  relative  (per  capita)  assessed  valuations  and  the  greatest  upward 
pressure  on  tax  rates.    Mesa  and  Garfield  counties  appear  to  need  a  boost 
in  assessed  valuation  as  do  both  Utah  counties. 
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TABLE    IV-39 

PUBLIC  FACILITIES  SITE  AND  PHYSICAL  PLANT  NEEDS   (39) 

(For  4,000  Population) 


SERVICE 

FACILITY 

SITE 
REQUIRE- 
MENTS 
ACRES 

TOTALS 
ACRES 

SITE  COSTS 

(WITHOUT 

IMPROVEMENTS) 

PHYSICAL  PLANT 
AND  FACILITIES 

INITIAL 

CAPITAL 

COSTS 

TOTALS 

TOTAL  SITE  4 
PLANT  COST 
PER  SERVICE 

Education 

Elem  School 
Jr  High  School 
Sr  High  School 

11.2 
6.0 
6.8 

24.0 

$22,400 

12,000 
13,600 

.8  Elem  School 
.24  Jr  High  School 
.16  Sr  High  School 
7.2  School  Buses 

$2,310,360 

1,145,400 

1,345,200 

80.000 

$4,880,960 

$4,928,960 

Parks  and 
Recreation 

Playgrounds 

6.0 

12,000 

Improvements 
1.2  SB  Field 

172,500 
24,840 

Neighborhood 
Parks 

8.0 

16.000 

Improvements 
0.8  Tennis  Courts 

42,320 
8,280 

Playflelds 

6.0 

12,000 

Improvements 
2.4  BB  Fields 

172,500 
69,000 

Community  Park 

8.0 

16,000 

.4  Swimming  Pool 
.8  Community  fidg 
1.2  Golf  Holes 

27,600 
18.400 
24,160 

District  Park 

12.0 

40.0 

9,600 

559,600 

625.200 

Libraries 

Main  or  Branch 

.56 

.56 

1,400 

.56  Library 
(2,800  Sq  Ft) 

97,280 

97,280 

98,680 

Hospitals 

District  Serving 

1.0 

1.0 

2,500 

16  Hospital  Beds 

770,440 

770,440 

772,940 

Fire  Protection 

Fire  Station 

.28 

.28 

700 

.4  Fire  Station 
.4  Pumper 
.4  Truck 

37,480 
22,080 
25.920 

85,480 

86.180 

Police 
Protection 

Police  Station 

.24 

.24 

600 

.32  Station 
1.6  Vehicles 

41,220 
5,300 

41,220 
5,300 

47.120 

General 
Control 

Government 
Offices 

.012 

.012 

40 

496  Sq  Ft 

26,480 

26,480 

26.520 

Financial 
Admin. 

Government 
Offices 

.004 

.004 

20 

320  Sq  Ft 

17,080 

17,080 

17,100 

Public  Works 

Garage 

.12 

.12 

240 

1600  Sq  Ft 
Vehicles 

31,280 
81,000 

31,280 
81,000 

112,250 

Water  Supply 

Supply 
Development 

To  Insure  200  Acre- 
Feet/ 1.000  Pop. 

800,000 

Treatment  Plant 

4.0 

8,000 

2,000,000  Gallon 
Additional  Capacity 

500,000 

Distribution 

4.0 

Storage,   Mains 

1,800,000 

3,100,000 

3,108,000 

Sewer  System 

Treatment  Plant 

4.0 

8,000 

(No  Advance 
Treatment) 

400,000 

Collection  System 

4.0 

1,800,000 

2,200,000 

2,208,000 

TOTALS 

74.2 

135,100 

11.896.120 

12.031,220 

Streets* 

73.2 

Total  Improvement 
Plan 

5,472,000 

*  Generally,   streets  and  street  improvements 
in  property  costs.     Since  a  specific  street 
shown  here. 

In  new  res 
requlremenl 

ldentlal  developments  are  provided  by 
was  not  Included  In  Table  IV-43,   an 

the  developer  and  costs 
estimated  requirement  or 

are  reflected 
Impact  is 
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TABLE   IV-40 
PUBLIC  PERSONNEL  NEEDS  AND  SALARIES 
(Population  of  4,000) 


(39) 


Service 

Facility 

Personnel 
Requirements 

Average 

Monthly 

Salary 

Equivalent 

Monthly 

Salary 

Education 

Elementary  School 

24  Teachers 
18  Administrators 
&  Staff 

Secondary  School 

31 
40 

Teachers 
Administrators 
&  Staff 

$916 

$106,256 

Recreation 

All  Facilities 

3 

Personnel 

605 

1,815 

Libraries 

Branch  or  Main 

1 

Library  Staff 

576 

576 

Fire  Protection 

Fire  Station/ 
Department 

5 

Firemen 

895 

4,475 

Police  Protection 

Police  Station/ 
Department 

9 

Policemen 

850 

7,650 

General  Admin. 

Local  Government 

2 

Administrators 

758 

1,516 

Financial  Admin. 

Local  Government 

2 

Administrators 

693 

1,386 

Public  Works 

Street  Department 
Water  Supply 
Sanitation 
Sewerage 

3 
3 
3 
1 

Personnel 
Personnel 
Personnel 
Personnel 

653 
686 
629 
646 

1,959 

2,058 

1,887 

646 

Variable 
Function 

All 

14  Personnel 

750 

10,500 

162 

$140,724 
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TABLE   IV-41 

DISTRIBUTION  OF  HOUSING,   INFRASTRUCTURE, 

AND  PUBLIC  PERSONNEL  COSTS 

RESULTING  FROM  THE  COLONY  OIL  SHALE  DEVELOPMENT* 


COMMUNITY 

%  ASSUMED 
POPULATION 

HOUSING 

PUBLIC 

FACILITIES 

OR  TOWN 

DISTRIBUTION 

UNITS 

ACREAGE 

ACRES 

COST  $ 

Glenwood  Springs 

6 

82 

22.86 

4.45 

721,873 

Grand  Valley 

25 

341 

95.25 

18.55 

3,007,805 

Rifle 

10 

137 

38.1 

7.42 

1,203,122 

Battlement  Mesa 

25 

342 

95.25 

18.55 

3,007,805 

DeBeque 

14 

191 

53.34 

10.39 

1,684,371 

Grand  Junction 

JO 

273 

76.2 

14.84 

2,406,244 

Total 

100% 

1,366 

381.00 

74.2 

12,031,220 

STREETS 

PUBLIC 

PERSONNEL 

MONTHLY 

ACRES 

COST 

NO. 

SALARIES  $ 

Glenwood  Springs 

4.39 

328,320 

9.72 

8,443 

Grand  Valley 

18.3 

1,368,000 

40.5 

35,181 

Rifle 

7.32 

547,200 

16.2 

14,072 

Battlement  Mesa 

18.3 

1,368,000 

40.5 

35,181 

DeBeque 

10.25 

766,080 

22.68 

19,701 

Grand  Junction 

14.64 

1,094,400 

32.4 

28,145 

Total 

73.2 

5,472,000 

162. 

140,724 

*Total  land  area  and  cost  estimates  are  from  Tables   LV-37,  39,  and  40. 
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TABLE  IV-42 
ASSESSED  VALUATIONS  BY  COUNTY 


County 


1969 


1970 


1971 


1973 


Garfield 

Grand 

Mesa 

Rio  Blanco 

San  Juan 


$  49,961,335 

21,759,239 

109,723,410 

63,379,650 

48,587,140 


$  42,826,580 

22,226,168 

108,531,950 

57,923,380 

47,426,441 


$  43,864,650 

18,722,046 

110,427,000 

54,438,180 

46,839,931 


$  48,016,760 

20,250,000 

118,421,330 

66,872,020 

54,828,790 


Totals 


$293,410,774         $278,934,519         $274,291,807         $308,388,900 


The  Colony  Development  complex,  not  including  the  pipeline,  is  estimated 
to  cost  over  $850  million  (1975  data)  .    While  the  assessed  valuation  after  completion 
cannot  be  estimated  with  certainty,  an  increase  in  the  assessed  valuation 
of  Garfield  County  of  $1  million  would  add  $71,420  to  property  tax  revenues. 
An  assessed  valuation  of  $50  million  would  more  than  double  1973  revenues 
($3,429,282)  to  $7,  000,  282.    Thus  it  is  quite  probable  that  any  stress  on 
tax  revenues  would  be  for  "front-end"  capital  funding  for  new  schools, 
roads,  etc. 

Details  regarding  the  total  valuation  of  the  pipeline  and  apportionment  of 
that  valuation  to  specific  counties  is  not  currently  known .    It  can  be  stated 
that  the  valuation  will  have  a  positive  effect  since  there  will  be  no  known 
costs  of  significance  to  the  governments  involved.    Thus,  the  added  revenues 
will  be  unencumbered  and  may  be  used  for  the  general  needs  of  the  counties 
and  other  local  taxing  authorities  involved . 

Expansion  of  the  local  tax  base  by  the  new  population,  incomes,  etc.  will 
occur .    In  1973  the  increase  in  assessed  valuation  per  unit  of  improved 
residential  property,  over  that  of  unimproved,  was  about  $4,780.    At  a 
levy  of  $80  per  $1,000  of  assessed  valuation,  an  incremental  population  of 
4,100  would  yield  increased  revenue  of  $522,358,  assuming  1,366  new  houses 
and  3  persons  per  unit. 
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As  Table  IV -43  indicates,  Colorado  municipalities  depend  more  on  sales 
taxes  than  property  taxes.    While  counties  are  more  dependent  upon  property 
taxes,  it  is  worth  noting  that  local  taxes  constituted  only  one-half  of  the 
total  revenue.    Distribution  of  State  monies  (income  taxes,  etc.)  and  Federal 
revenues  are  important  sources  of  revenue. 

While  all  sorts  of  hypothetical  situations  could  be  discussed,  it  appears 
that  revenues  will  be  adequate  over  the  longer  run  to  provide  desired  ser- 
vices.   The  biggest  impact  on  local  governments  resulting  from  the  need  of 
new  facilities  for  such  things  as  public  education,  sanitation,  water  supply, 
parks  and  recreation,  public  health,  and  fire  and  police  protection  will  be 
the  time  lag  between  the  need  for  the  facilities  and  the  planning  and  construc- 
tion of  them.    This  time  lag  will  cause  overcrowding,  inconvenience,  and  a 
lowering  of  living  standards  until  such  time  as  the  planning  and  construction 
can  catch  up  with  needs.    This  will  be  the  case  for  the  first  few  years  of 
the  project. 

In  conclusion,  it  appears  certain  that  existing  infrastructure  systems  will  be 
inadequate,  given  expected  population  growth. 

SOCIAL  WELL-BEING  AND  WELFARE 

The  incremental  impacts  of  the  Colony  Development  Operation  will  mean  both 
more  people  and  additional  income.    Estimated  income  levels  should  raise 
average  and  median  incomes  for  the  regional  population  and  provide  employ- 
ment opportunities  for  those  persons  who  have  the  education  and/or  experience 
needed  to  perform  adequately .    For  persons  whose  age,  health,  education 
and/or  experience  prevents  them  from  doing  the  types  of  work  required, 
their  situation  will  become  progressively  worse  as  rising  regional  incomes 
and  expectations  leave  them  further  behind. 
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TABLE   IV-43 

GENERAL  GOVERNMENT  ACTIVITIES  REVENUES  AND  EXPENDITURES 

BY  SELECTED  UNITS  OF  LOCAL  GOVERNMENT  -  COLORADO   1972 


COUNTIES 


PERCENT 


MUNICIPALITIES 


PERCENT 


Revenues 

Taxes 

Property  Tax 
Sales  Tax 
Other  Taxes 

73,543,300 

72,501,400 

839,100 

202,800 

38.6 

38.1 

.4 

.1 

Licenses  and  Permits 

1,027,800 

.5 

Intergovernmental  Revenue 
Federal 
State 
Other 

97,853.200 

12,837,300 

84,590,100 

425,900 

51.4 

6.7 

44.4 

.2 

Charges  for  Current 
Services 

12,055,900 

6.3 

Fines  and  Forfeits 

103,600 

.1 

Miscellaneous  Revenue 

5,935,200 

3.1 

Transfers  from 
Enterprise  Funds 

2,000 

.0 

Total  Revenue 

190,521,000 

37.4 

Expenditures 

General  Government 

24,802,000 

15.8 

Judicial 

3,289,800 

2.1 

Public  Safety 
Police 
Fire 
Other 

10,200,300 

8,997,400 

101,300 

1,101,600 

6.5 

5.7 

.1 

.7 

Public  Works 

Highways  and  Streets 

Sanitation 

Other 

36,819,500 

35,887,500 

932,000 

N/A 

23.4 
22.8 

.6 
0.0 

Health 

5,101,900 

3.2 

Public  Welfare 

71,330,100 

45.4 

Culture  -  Recreation 

4,928,900 

3.1 

Miscellaneous 

795,300 

.5 

Total  Current 
Expenditures 

157,267,800 

38.0 

Expenditures 
Per  Capita  * 

69.07 

85.901.200 
24.550,400 
50,318,800 
11,032,000 

62.6 

17.9 

36.7 

8.0 

5,408,700 

3.9 

24,060,600 

10,678,000 

8,351,900 

5,030,700 

17.5 
7.8 
6.1 
3.7 

8,451,100 

6.2 

3,391,300 

2.5 

6.422,000 

4.7 

3,634,100 

2.6 

137,269,000 

26.9 

19,6-19,900 

21.2 

N/A 

0.0 

34,787,400 

21.812,700 

10,540,000 

2,434,700 

37.7 

23.6 

11.4 

2.6 

22,398,600 

18.272,300 

2,515,800 

1,610,500 

24.3 

19.8 

2.7 

1.7 

2,179,300 

2.4 

N/A 

0.0 

12,383,500 

13.4 

965,200 

1.0 

92,333,900 

22.3 

40 

.55 

The  percent  calculations  for  categories  of  revenues  and  expenditures  are  relative  to  the  total  revenues  and 
expenditures  for  the  local  government  cited.     The  total  revenues  and  total  expenditures  percentages  are  relative 
to  the  combined  local  government  totals.     Cut  to  rounding,   percentages  may  not  add  to   100. 

*1972  Estimated  Colorado  population  was  2,277,000. 
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As  the  development  gets  underway,  new  people  will  be  in-migrating  with 
expectations  of  employment.     Though  many  will  find  employment,  some 
unemployable  or  less  desirable  types  will  be  attracted  also.    Further, 
unless  the  development  of  adequate  housing  and  infrastructure  systems 
matches  population  growth,  the  wives  and  families  of  the  new   (and  some 
existing)  population  will  find  life  frustrating  and  difficult. 

If  this  sort  of  situation  develops,  mental  illnesses,  alcoholism,  crime, 
prostitution  and  other  undesirable  and  degrading  types  of  behavior  could 
occur.    If  adequate  housing,  schools,  hospitals,  etc.,  are  available  and 
the  longer  term  residents  are  friendly  to  the  new  immigrants,  the  problems 
could  be  minimal.    However,  an  expected  lag  in  planning  and  development 
of  needed  infrastructure  systems,  and  clash  in  attitudes  and  values  will 
produce  some  problems.    Some  longer-term  residents  in  the  region  may 
also  experience  frustration  if  they  do  not  share  in  the  economic  benefits  of 
the  development.    They,  too,  will  express  some  of  this  frustration  in  socially 
unacceptable  ways . 

ATTITUDES  AND  VALUES 

The  following  summarizes  the  attitudes  of  the  people  interviewed  in  Garfield, 
Mesa,   and  Rio  Blanco   counties  with  respect  to  oil  shale  development.     At 
the  time  that  the  study  was  undertaken,    the  Colony  Development  proposal 
had  not  been  advanced.    As  a  result,  the  attitudes  relate  to  oil  shale  devel- 
opment in  general,    rather  than  to  a  specific  development  proposal. 


"More  than  70  percent  of  the  residents  advocated  encouraging  additional 
industry  in  the  area.    Such  a  stance  was  most  pronounced  in  Mesa 
County  and  least  popular  in  Garfield  County.    The  public  officials  agreed 
with  their  constituents  regarding  the  desirability  of  a  new,  small 
industry.    Individuals  generally  agreed  that  heavy  industry  should  be 
discouraged,  but  that  retail  businesses,  shopping  facilities,  and  non- 
polluting  small  industry  should  be  encouraged. 
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"Among  the  general  public,  there  was  a  somewhat  negative  reaction  to 
increased  growth  in  the  tourist  industry,  whereas  public  officials 
regarded  such  type  of  activity  as  desirable. 

"The  overall  reaction  to  the  prospects  of  oil  shale  development  was 
positive.    Development  was  viewed  as  helping  the  region,  particularly 
by  residents  in  Mesa  and  Rio  Blanco  counties.    Public  officials  were 
more  inclined  to  support  oil  shale  development  unequivocally  than 
were  the  residents  at  large.    Officials  foresaw  an  improvement  in  the 
local  economy.    In  addition,  they  indicated  that  even  substantial  growth 
would  be  beneficial,  in  that  it  would  lead  to  an  overloading  of  existing 
services,  and  thus  bring  pressure  for  their  improvement  and  enhance- 
ment. 

"The  benefits  of  oil  shale  development  were  perceived  as  correcting  the 
major  deficiencies  in  the  region.    For  example,  development  would 
produce  more  jobs  in  Mesa  County  and  improved  community  facilities  in 
Rio  Blanco  County. 

"The  negative  potential  of  oil  shale  development  was  downplayed.    The 
two  most  feared  consequences  were  overcrowding  and  increased  popula- 
tion.   Those  individuals  who  opposed  development  expressed  anxiety 
about  the  potential  for  greater  complexity  in  their  lives  due  to  growth 
and  overcrowding . 

"Three  out  of  five  residents  predicted  no  negative  environmental  conse- 
quences resulting  from  oil  shale  development.    The  greatest  concern, 
among  both  residents  and  public  officials,  was  expressed  in  Garfield 
County.    Residents  of  that  area  were  particularly  concerned  about  future 
population  growth.    The  general  public  appeared  to  be  more  anxious 
regarding  population  increases  than  did  the  public  officials.    However, 
many  of  the  latter  individuals  anticipated  fewer  than  10,000  new  arrivals 
in  the  region  during  the  first  5  years  of  the  development. 

"Public  officials  advocated  some  type  of  growth  regulation,  such  as 
strict  zoning  and  appropriate  planning.    There  was  a  definite  feeling 
among  most  individuals  interviewed  that  the  potential  negative  effects 
of  oil  shale  development  could  be  thwarted  by  intelligent  planning."   (41 ) 


As  has  been  noted  before,  Pitkin  and  Eagle  counties  were  not  included  in 
the  survey.    Attitudes  and  values  there  differ  from  the  3  surveyed  counties. 
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A  real  and  important  concern  in  the  two  recreation-based  counties  involves 
the  possible  impact  of  oil  shale  development  on  the  existing  economy  and 
life  styles.    A  tendency  toward  heavier  day-use  causing  reduced  trip-use 
(several  days  and  nights)  would  change  the  economic  character  and  image 
of  the  area  from  a  nationally  recognized  quality  skiing  and  recreation  area, 
used  heavily  by  the  affluent,  to  a  day-use  area,  perhaps  less  attractive  to 
the  affluent  and  more  heavily  used  and  dependent  upon  middle  and  lower 
income  people  with  different  tastes  and  needs. 

Summarizing  with  respect  to  social  values,  attitudes,  and  impacts  on  life 
styles,  etc.,  it  appears  obvious  that  increased  "people"  pressures  would 
bring  about  some  change  from  existing  attitudes,  expectations,  and  social 
behavior.    A  younger,  more  active,  and  financially  more  secure  populace 
would  promote  a  dynamic  economy.    While  some  short-term  regional  econom- 
ic setbacks  are  probable,  existing  information  suggests  that  the  new  popu- 
lation levels  and  economic  growth  will  be  sustained.    Further,  the  density 
and  character  of  the  region,  while  changed,  would  still  be  more  "rural" 
and  dispersed  than  most  major  urban  areas.    Thus,  the  impacts  will  be  of 
significant  proportions,  but  represent  an  incremental  addition  to  an  already 
developing  trend  of  regional  growth  and  expansion. 

EFFECTS  OF  AIR  POLLUTANTS  ON  MAN 

Very  few  conclusions  can  be  made  concerning  the  health  effects  of  various 
pollutants  that  will  be  emitted  from  the  proposed  shale  oil  complex .    Studies 
have  established  that  pollutants  have  a  variety  of  adverse  health  effects 
on  man,  ranging  from  increased  mortality  to  eye  irritation.    Some  of  these 
studies  have  investigated  the  effects  of  various  air  pollutants  on  the  human 
population  of  larger  metropolitan  areas  where  air  pollution  is  a  recognized 
problem .    A  few  studies  have  investigated  the  effects  of  various  pollutants 
under  laboratory  conditions  where  rigid  control  conditions  were  established 
Laboratory  experiments  on  man,  usually  involving  short-term  concentration 
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levels,  have  contributed  limited  knowledge  because  the  experiments  are 
designed  not  to  produce  chronic  adverse  effects  on  human  health. 
Laboratory  experiments  on  animals  are  not  confined  to  this  type  of 
regimentation.    These  experiments  conducted  on  animals  do  indicate  the 
kinds  of  physiological  and  pathological  responses  of  which  animals  and  man 
are  capable.    While  unreliable  conversions  and  extrapolations  are  necessary 
in  assessing  health  effects  on  man  from  toxicological  experiments  on  animals, 
such  experiments  do  permit  the  use  of  higher  concentrations,  longer  exposure 
time,  larger  number  of  subjects,  surgical  procedures,  post-mortem  examina- 
tions, and  other  liberties  not  open  to  the  experimenter  with  human  subjects. 
Since  man  is  an  animal,  the  results  of  such  animal  experiments  should  have 
some  relation  to  man,  even  though  it  may  be  only  qualitative. 

As  a  result  of  studies  investigating  the  effects  of  existing  air  pollutants  in 
highly  industrialized  and  metropolitan  areas  and  laboratory  research  on  humans 
and  animals,  standards  have  been  established  for  the  concentration  levels  of 
certain  air  pollutants.    These  standards  are  given  in  the  Federal  and  State  of 
Colorado  Ambient  Air  Quality  Standards  shown  in  Tables  IV-4  and  IV-5.    The 
Federal  primary  standards  are  intended  to  indicate  the  maximum  concentrations 
of  principal  pollutants  that  can  be  encountered  without  endangering  human 
health  and  the  Federal  secondary  standards  have  been  established  to  protect 
the  public  welfare  from  any  known  or  anticipated  adverse  effects  of  a  pollutant. 
The  Federal  Prevention  of  Significant  Deterioration  Regulations  which  define 
allowable  increments  of  particulates  and  sulfur  dioxide  gas  are  also  shown 
in  Table  IV-4.    The  State  of  Colorado  standards  were  established  using  the 
same  general  criteria. 

For  the  purposes  of  this  discussion,  the  Federal  and  State  of  Colorado  regulations 
are  probably  the  best  standards  to  use  for  conclusions.    A  comparison  of  this 
nature  has  been  made  in  the  section  on  climate  and  air  quality  earlier  in  this 
chapter . 

What  follows  is  a  very  general  discussion  on  the  effects  of  certain  air  pollutants 
on  man  and  at  what  concentration  levels  these  effects  were  observed  to  occur. 
The  only  conclusions  that  are  made  are  statements  that  State  and  Federal  short- 
term  standards  may  occassionally  be  exceeded  and  adverse  effects  on  health 
are  possible.  IV-222 
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Comparisons  of  the  predicted  levels  are  made  with  the  concentration  levels 
observed  to  cause  adverse  health  effects  on  man . 

SULFUR  DIOXIDE   (23) 

The  following  conclusions  are  from  some  studies  completed  on  the  effects  of 
sulfur  dioxide  on  health. 

3 

-  At  concentrations  of  about  1500  pgm/m     (0.52  ppm)  of  sulfur  dioxide  (24- 
hour  average)  ,  and  a  soiling  index  for  suspended  particulate  matter  of 

6  cohs  or  greater,  increased  mortality  may  occur. 

3 

-  At  concentrations  of  greater  than  about  750jugm/m     (0.25  ppm)  of  sulfur 

dioxide  (24-hour  mean)  ,  accompanied  by  smoke,  increased  daily  death 
rate  may  occur. 

3 

-  At  concentrations  of  about  500  jugm/m     (0.19  ppm)  of  sulfur  dioxide  (24- 
hour  mean)  ,  with  low  particulate  levels,  increased  mortality  rates  may 
occur . 

3 

-  At  concentrations  ranging  from  300   to  500jugm/m     (0.11  ppm  to 

0.19  ppm)  of  sulfur  dioxide  (24-hour  mean)  ,  with  low  particulate  levels, 
increased  hospital  admissions  of  older  persons  for  respiratory  disease 
may  occur;  absenteeism  from  work,  particularly  with  older  persons,  may 
also  occur . 

3 

-  At  concentrations  of  about  715  jagm/m     (0.25  ppm)  of  sulfur  dioxide  (24- 
hour  mean)  ,  accompanied  by  particulate  matter,  a  sharp  rise  in  illness 
rates  for  patients  over  age  54  with  severe  bronchitis  may  occur . 

3 

-  At  concentrations  of  about  600  jjgm/m     (about  0.21  ppm)  of  sulfur  dioxide 

3 
(24-hour  mean)  ,  with  smoke  concentrations  of  about  300  ugm/m    ,  patients 

with  chronic  lung  disease  may  experience  accentuation  of  symptoms . 
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3 

At  concentrations  ranging  from  105  to  265  ugm/m     (0.037  to  0.092  ppm) 


of  sulfur  dioxide  (annual  mean)  ,  accompanied  by  smoke  concentrations 

3 
of  about  185  ugm/m   ,  increased  frequency  of  respiratory  symptoms  and 

lung  disease  may  occur  . 

3 

-  At  concentrations  of  about  120  ugm/m     (0.046  ppm)  of  sulfur  dioxide 

3 
(annual  mean)  ,  accompanied  by  smoke  concentrations  of  about  100  ugm/m   , 

increased  frequency  and  severity  of  respiratory  diseases  in  school  children 

may  occur . 

3 

-  At  concentrations  of  about  115  ugm/m     (0.040  ppm)  of  sulfur  dioxide 

3 
(annual  mean)  ,  accompanied  by  smoke  concentrations  of  about  160  ugm/m   , 

increase  in  mortality  from  bronchitis  and  from  lung  cancer  may  occur. 

Under  conditions  prevailing  in  areas  where  studies  were  conducted,  adverse 

health  effects  were  noted  when  24-hour  average  levels  of  sulfur  dioxide  exceeded 

3 
300  ugm/m     (0.11  ppm)  for  3  to  4  days.    Adverse  health  effects  were  also 

3 
noted  when  the  annual  mean  level  of  sulfur  dioxide  exceeded  115  ugm/m     (0.04 

ppm)  .  The  maximum  annual  mean  incremental  concentration  prediction 

3 
is  3.5  ugm/m    in  the  vicinity  of  the  plant  site  (see  Figure  IV-2  for  boundaries)  . 

The  predicted  annual  mean  is  approximately  35  times  less  than  the  observed 
levels  causing  adverse  health  effects . 

3 
Two  annual  24-hour  occurrences  of  between  30-and  100jugm/m    are  predicted 


at  grid  point  135  (1)  .    This  level  is  between  6  and  20  times  less  than  the 

3 
observed  effect  of  600*jgm/m     (24-hour  mean) 

symptoms  of  people  with  chronic  lung  diseases 


3 
observed  effect  of  600*jgm/m     (24-hour  mean)  that  caused  accentuation  of 


Concentration  levels  predicted  for  3-hour  and  24-hour  period  could  be  sub- 
stantially exceeded  during  the  start-up  phase  of  the  retort/upgrading  units. 
As  discussed  in  the  climate  and  air  quality  section  earlier  in  this  chapter, 
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too  many  unknowns  and  variables  exist  to  realistically  predict  or  estimate 
what  the  sulfur  dioxide  concentration  levels  could  be,  using  the  assumption 
that  the  pattern  of  increased  concentration  levels  will  generally  follow  those 
predicted  in  the  Battelle  study  (1)  .    As  shown  in  Table  IV-2,  the  higher  S02 
levels  will  probably  be  in  the  vicinity  of  the  plant  complex  and  away  from 
human  dwellings .    It  is  unlikely  that  meteorological  conditions  would  be 
such  that  during  the  start-up  phase  higher  concentrations  than  those  predicted 
for  Parachute  Creek  valley  would  be  exceeded,  again  assuming  that  the  plant 
start-up  takes  place  on  days  of  normal  dispersion.    Even  on  poor  dispersion 
days  it  is  not  reasonable  to  estimate  concentration  levels  or  what  the  potential 
adverse  health  effects  will  be  except  to  say  that  they  would  certainly  be  higher. 

CARBON  MONOXIDE   (28) 

Carbon  monoxide,  a  colorless,  odorless,  poisonous  gas  is  formed  when  hydro- 
carbon fuels  burn  with  an  insufficient  supply  of  air.    An  exposure  of  8  or 

3 
more  hours  to  a  carbon  monoxide  concentration  of  12  to  17  mgm/m     (10  to  15 

ppm)  will  produce  a  blood  carboxyhemoglobin  level  of  2.0  to  2.5  percent  in 

nonsmokers.    This  level  of  blood  carboxyhemoglobin  has  been  associated  with 

adverse  health  effects  as  manifested  by  impaired  time  interval  discrimination. 

Evidence  also  indicates  that  an  exposure  of  8  or  more  hours  to  a  CO  concen- 

3 
tration  of  35  mgm/m     (30  ppm)  will  produce  blood  carboxyhemoglobin  levels 

of  about  5  percent  in  nonsmokers.    Adverse  health  effects  as  manifested  by 
impaired  performance  on  certain  other  psychomotor  tests  have  been  associated 
with  this  blood  carboxyhemoglobin  level,  and  above  this  level  there  is  evi- 
dence of  physiological  stress  in  patients  with  heart  disease. 

There  is  some  epidemiological  evidence  that  suggests  an  association  between 

increased  fatality  rates  in  hospitalized  myocardial  infarction  patients  and 

3 
exposure  to  weekly  average  CO  concentrations  on  the  order  of  9  to  16  mgm/m 

(8  to  14  ppm)  . 
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A  quick  comparison  of  the  observed  health  effects  on  humans  with  the  pre- 
dicted concentration  levels   (Figure  IV-4  and  Tables  IV-3,  8,  10  and  11) 
show  that  predicted  levels  are  far  below  the  studied  levels  even  for  the  worst 
case  predictions  in  the  upper  part  of  the  Parachute  Creek  valley  where  the 
concentration  levels  could  reach  higher  levels  as  a  result  of  emissions  from 
several  sources   (as  shown  in  Table  IV-9)  . 

3 
The  combined  value  from  predicted  worst  case  concentration  levels  is  138  jugm/m    , 

or  approximately  87  times  below  the  studied  levels. 
NITROGEN  DIOXIDE  (24) 


Short-Term  Exposure.    Limited  studies  show  that  exposure  to  N09  for  less 
than  24  continuous  hours  can  have  several  concentration-dependent  effects: 

3 

-  The  olfactory  threshold  value  of  NO?  is  about  225  jjgm/m     (0.12  ppm). 

3 

-  Exposure  to  9.4  mgm/m     (5  ppm)  for  10  minutes  has  produced  a  transient 

increase  in  airway  resistance. 

3 

-  Occupational  exposure  to  162.2  mgm/m  (90  ppm)  for  30  minutes  has  pro- 
duced pulmonary  edema  18  hours  later,  accompanied  by  an  observed  vital 
capacity  that  was  50  percent  of  the  value  predicted  for  normal  function  . 


Long-Term  Exposure.    An  increased  incidence  of  acute  respiratory  disease 

was  observed  in  family  groups  when  the  mean  range  of  24-hour  N09  concen- 

3 
trations,  measured  over  a  6-month  period,  was  between  117  and  205  ugm/m 

(0.062  and  0.109  ppm)  and  the  mean  suspended  nitrate  level  during  the  same 

3 
period  was  at  least  3.8;ugm/m    . 


The  frequency  of  acute  bronchitis  increased  among  infants  and  school  children 

when  the  range  of  mean  24-hour  N09  concentrations,  measured  over  a  6-month 

3 
period,  was  between  118  and  156jugm/m     (0.063  and  0.083  ppm)  and  the  mean 

3 

suspended  nitrate  level  during  the  same  period  was  at  least  2.6  .ugm/m. 
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The  frequency  of  3-hour  occurrences  of  nitrogen  dioxide  levels  rising  above 

3 
200  ugm/m     (just  below  the  olfactory  threshold)  ,  is  199  times  annually. 

These  occurrences  are  away  from  areas  of  human  dwellings  and  are  predicted 

to  occur  in  the  vicinity  of  the  oil  shale  complex . 


The  highest  level  predicted  annually  is  a  single  3-hour  concentration  above 

3 
1.3  mgm/m    at  grid  point  135.    It  is  unlikely  that  this  level  would  be  above 

3 
the  noticed  effect  of  9.4  mgm/m    for  10  minutes.    The  next  lower  range  of  pre- 
dicted occurrences  of  3-hour  concentration  levels  for  grid  points  other  than  135  is 

3 
between  200  and  500  ugm/m    .    This  range  is  18  to  47  times  less  than  the 

3 
10-minute  concentration  level  of  9.4  mgm/m    observed  to  cause  increased 

airway  resistance.    The  maximum  annual  mean  concentration  level  is  predicted 

3 
to  be  15.85  ugm/m    in  the  vicinity  of  the  plant  (see  Figure  IV-3  for  boundaries) 


and  is  approximately  7.4  to  12.9  times  less  than  the  observed  level  of  117  to 

3 
205  ymg/m    for  a  6-month  ti 

of  acute  respiratory  disease 


3 

205  yimg/m    for  a  6-month  time  period  which  caused  an  increase  in  incidences 


3 

Concentration  levels  of  between  100  and  150jugm/m    for  24-hours  are 

predicted  to  occur  5  times  annually  at  grid  point  32.    This  predicted  level 
is  approximately  180  days  less  than  the  6-month  observed  duration  at  these 
same  concentration  levels  in  two  studies  that  showed  increased  frequencies 
of  acute  respiratory  diseases  in  humans . 

HYDROCARBONS 

It  is  generally  known,  for  example,  that  aliphatics  such  as  paraffins  or  olefins 
are  biochemically  inert  and  biologically  active;  aromatic  hydrocarbons 
are  biochemically  and  biologically  active;  and  aldehydes  such  as  formaldehyde, 
in    natural  and  laboratory-produced  photochemical  smogs,  cause  irritation 
of  the  eyes,  upper  respiratory  tract,  and  skin   (27)  . 

As  with  the  discussions  on  the  effects  of  hydrocarbons  on  vegetation  and  animals, 
the  chemical  components  and  those  percentages  of  the  hydrocarbons  that  will  be 
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emitted  from  Colony's  proposed  project  are  not  known.    Conversations  with 
specialists  in  industry  and  Government  agencies  did  not  lead  to  a  method  of 
estimating  the  various  components.    Studies  on  the  effects  of  hydrocarbons 
to  humans  center  around  a  specific  compound  or  similar  compounds,  rather 
than  the  large  number  of  compounds  that  can  be  included  in  the  term  hydro- 
carbons.   The  Battelle  diffusion  study  predicted  annual  frequencies  of  occurrence 


for  several  concentration  levels  of  total  hydrocarbons.    As  the  estimated  ambient 

3 
background  concentration  of  non-methane  hydrocarbons  is  high  (130/jgm/m  )  ,  i 

is  anticipated  that  the  Federal  primary  and  secondary  standards  for  3-hour 

3 
concentrations   (160jjgm/m   )  may  be  exceeded  several  times  per  year,  judging 

from  predicted  incremental  increases  of  total  hydrocarbons   (Table    IV-3)  . 
PARTICULATE  MATTER  (26) 

The  following  is  a  summary  of  the  effects  of  particulates  on  human  health: 

3 

-  At  particulate  concentrations  of  at  least  750,ugm/m    on  a  24-hour  average, 

3 
accompanied  by  sulfur  dioxide  concentrations  of  at  least  715_ugm/m    , 

excess  deaths  and  a  considerable  increase  in  illness  may  occur. 

3 

-  A  decrease  in  particulate  concentrations  from  140  to  60  ugm/m     (annual 

mean)  may  be  accompanied  by  a  decrease  in  mean  sputum  volume  in 
industrial  workers. 

3 

-  If  particulate  concentrations  over  300  jugm/m    persist  on  a  24-hour 


average  and  are  accompanied  by  sulfur  dioxide  concentrations  exceeding 

3 
630  ngm/m    over  the  same  period,  chronic 

likely  suffer  acute  worsening  of  symptoms  . 


3 
630  ugm/m    over  the  same  period,  chronic  bronchitis  patients  will 


3 
At  particulate  concentrations  over  200  jagm/m    on  a  24-hour  average, 

3 
accompanied  by  concentrations  of  sulfur  dioxide  exceeding  250,ugm/m 

over  the  same  period,  increased  absence  of  industrial  workers  due 

to  illness  may  occur. 
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3 

-  Where  particulate  concentrations  range  from  100  to  300  ugm/m    and  higher 

(annual  mean)  and  sulfur  dioxide  concentrations  (annual  mean)  are 
greater  than  120^igm/m   ,  children  residing  in  such  areas  are  likely 
to  experience  increased  incidence  of  certain  respiratory  diseases. 

3 

-  At  particulate  concentrations  over  100  ugm/m     (annual  geometric  mean) 

2 
and  sulfation  levels  over  30  mgm/cm  /month,  increased  death  rates 

for  persons  over  50  years  of  age  are  likely. 

3 

-  Where  particualte  concentrations  range  from  80  to  100  ugm/m     (annual 

2 
geometric  mean)  and  sulfation  levels  are  about  30  mgm/cm  /month, 

increased  death  rates  for  persons  over  50  years  of  age  may  occur . 

A  quick  comparison  of  the  one  study  that  observed  annual  particulate 

3  3 

concentration  levels  of  100,ugm/m    combined  with  120jjgm/m    for  sulfur  dioxide, 

causing  an  increased  incidence  of  certain  respiratory  disease,  with  the  maximum 

3  3 

predicted  mean  annual  incremental  particulate  level  of  10  ugm/m    and  3.5  ugm/m 

for  sulfur  dioxide,    (from  the  Battelle  study)  ,  shows  that  the  predicted  levels 

are  10  times  less  for  particulates  and  34  times  less  for  sulfur  dioxide. 

3 
Comparison  of  particulate  concentration  levels  of  300  ugm/m    for  a  24-hour 

3 
average  and  630  ugm/m    for  sulfur  dioxide  with  the  predicted  worst  case  of 

3  3 

combined  levels  of  particulate  concentration  of  171  jugm/m    and  25  ugm/m 

for  sulfur  dioxide  (Table  IV-9) ,  shows  that  the  predicted  levels  are  1.75 

and  25  times  below  the  observed  level  that  will  produce  acute  worsening  of 

symptoms  for  chronic  bronchitis . 


CARCINOGENS   (42) 

Biological  testing  has  proven  that  the  carcinogenic  potential  of  the  crude 
form  of  shale  oil  is  approximately  the  same  as  other  petroleum  products . 
Hydrotreating  (upgrading)  the  oil  reduces  its  carcinogenic  potential.    The 
processed  shale  contains  nearly  twice  as  much  aromatic  hydrocarbons 
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as  the  raw,  unprocessed  shale.    The  processed  shale  contains  38  ppb  polycyclic 
aromatic  hydrocarbons.    However,  coconut  oil  contains  44  ppb  and  oak  leaves 
contain  300  ppb.    Therefore,  the  processed  shale  contains  much  less  than  other 
materials  found  in  nature.    Test  animals  were  highly  exposed  to  processed  shale 
for  their  entire  lifetimes,  yet  they  did  not  develop  skin  cancer.    With  standard 
industrial  hy genie  standards,  which  will  be  followed,  the  amount  of  aromatic 
hydrocarbons  in  the  Colony  plant  will  be  approximately  20  percent  of  that 
which  is  considered  ambient  in  the  Denver,  Colorado  area.    Workers  exposed 
to  asphalt  fumes  did  not  suffer  an  increase  in  lung  cancer.    Asphalt  fumes 
contain  5,800  times  the  aromatic  hydrocarbonsthat  exist  in  the  Denver 
atmosphere.    Therefore,  the  impacts  on  humans  should  be  negligible. 


MISCELLANEOUS   (2)    (13) 

Phenols  are  present  in  the  process  water  in  the  amounts  of  187  ppmw 
(parts  per  million  weight)  .    Uranium  occurs  in  the  raw  shale  and  will  remain 
in  the  processed  shale.    Its  level  of  occurrence  is  0.99  ppm . 

Neither  of  the  above  pollutants  occur  in  a  quantity  that  would  be  hazardous 
to  health  of  the  workers . 

EFFECTS  OF  AIR  POLLUTANTS  ON  MATERIALS 

Little  definitive  information  was  available  on  the  effects  of  air  pollutants  on 
man-made  materials  at  the  levels  predicted  from  Colony's  proposal.    The 
following  discussion  considers  these  effects  in  a  general  way  in  light  of  the 
available  information .    Only  those  pollutants  where  some  information  was 
found  are  mentioned. 

SULFUR  DIOXIDE 

3 
At  a  mean  sulfur  dioxide  concentration  level  of  345  pgm/m     (9.12  ppm) 

accompanied  by  high  particulate  levels,  the  corrosion  rate  for  steel  panels 

may  be  increased  by  50  percent  (23)  . 
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The  maximum  annual  mean  incremental  concentration  level  for  sulfur  dioxide 

3 
is  3.5  ugm/m     (1)  ,  approximately  98  times  less  than  the  levels  observed  to 

cause  a  50  percent  increase  in  corrosion  for  steel  panels. 

NITROGEN  OXIDES   (24) 

Damage  to  materials  has  been  attributed  to  oxides  of  nitrogen  in  ambient  atmos- 
pheres; the  precise  air  concentrations  producing  these  effects  have  not  been 
determined.    Reaction  products  have  been  associated  with  corrosion  and 
failure  of  electrical  components.    In  two  cities  where  this  problem  has  been 


observed,  the  1965  average  airborne  particulate  nitrate  concentration  was 

3 
3  .0  and  3.4  ugm/m    ' 

(0.666  to  0.084  ppm) 


3  3 

3 . 0  and  3 . 4  ugm/m    with  associated  average  NO     levels  of  124  and  158  ugm/m 


PARTICULATE  MATTER 

Airborne  particles — including  soot,  dust,  fumes,  and  mist — can,  according  to 
their  chemical  composition  and  physical  state,  cause  a  wide  range  of  damage 
to  materials.    They  may  cause  deterioration  merely  by  settling  on  surfaces  and 
soiling  them,  thus  creating  a  need  for  more  frequent  cleaning  which 
weakens  materials.     They  can  also  cause  direct  chemical  damage  to  materials 
in  two  ways:     first,  through  their  own  intrinsic  corrosiveness,  and  secondly, 
through  the  action  of  corrosive  chemicals  which  they  may  have  absorbed 
or  adsorbed.    Airborne  particulates  have  been  implicated  in  the  corrosion 
of  metals  and  metallic  surfaces;   in  the  soiling,  damage,  and  erosion 
of  buildings  and  other  structures;  in  the  discoloration  and  destruction  of 
painted  surfaces;  and  in  the  aesthetic  degradation  and  damage  of  fabrics  and 
clothing . 
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Metals  can  ordinarily  resist  corrosion  in  dry  air  alone,  or  even  in  moist  clean 
air.    Even  inert  dust  or  soot,  in  the  absence  of  active  chemical  agents,  has 
little  effect  on  metal  surfaces.    However,  hydroscopic  particles  commonly 
found  in  the  atmosphere  can  corrode  metal  surfaces  although  no  other  pollu- 
tants may  be  present.    This  was  shown  in  laboratory  studies  in  which  steel 
test  panels  were  dusted  with  various  common  particulates.    Although  cor- 
rosion rates  were  low  at  relative  humidities  under  70  percent,  they  tended 
to  increase  with  humidity.    The  addition  of  sulfur  dioxide  to  the  laboratory 
air  greatly  accelerated  the  rates  of  corrosion. 

In  general,  there  is  an  increasing  of  corrosivity  as  we  go  from  dry  unpopu- 
lated environments,  the  least  polluted  areas,  to  heavily  polluted  urban  indus- 
trial sites.    Samples  of  iron,  for  example,  have  shown  weight  loss  due  to  cor- 
rosion that  is  four  times  greater  in  industrial  atmospheres  than  in  rural  atmos- 
pheres.   In  one  year  steel  samples  corroded  3. 1  times  as  much  in  New  York 

3 
City   (spring  exposure)  ,  where  the  particulate  concentration  was  176  ugm/m    , 

as  in  the  rural  atmosphere  of  State  College,  Pennsylvania,  where  the  mean 

3 
concentration  could  be  expected  to  range  from  about  60  to  65  ugm/m  . 

Steel  samples  exposed  in  New  York  in  the  fall  of  the  year,  when  the  particulate 

and  sulfur  dioxide  levels  are  higher  than  in  the  spring,  corroded  6  times 

faster  than  the  samples  at  State  College.    Similarly,  zinc  samples  exposed  in 

New  York  corroded  about  3.6  times  as  much  as  those  at  State  College,  while 

zinc  samples  at  Kearny,  New  Jersey,  corroded  about  2.6  times  as  much  (the 

3 
concentration  was  131  ugm/m    at  Elizabeth,  New  Jersey,  near  Kearny)  (26)  . 

It  should  not  be  concluded,  however,  that  the  variation  in  corrosion  rates 
referred  to  above  are  due  only  to  differences  in  particulate  matter,  since  there 
are  significant  differences  in  gaseous  pollutant  concentrations  between  State 


IV-232 


IMPACTS 

College  and  the  other  areas .    Even  highly  resistant  metals  have  shown  cor- 
rosion rates  which  are  progressively  higher  over  the  following  range  of 
environments:      (1)  a  rural  semiarid  site;    (2)  a  rural  farm  environment; 
(3)  an  urban  industrial  area;    (4)  a  heavy  industrial  area.    In  Chicago  and 
St.  Louis,  steel  panels  were  exposed  at  a  number  of  sites  and  measurements 
were  taken  of  corrosion  rates  and  levels  of  sulfur  dioxide  and  particulates. 
In  St.  Louis,  except  for  one  exceptionally  polluted  site,  corrosion  losses 
correlated  well  with  sulfur  dioxide  levels,  averaging  30  percent  to  80  per- 
cent higher  than  corrosion  losses  measured  in  nonurban  locations.    Over 
a  12-month  period  in  Chicago,  the  corrosion  rate  at  the  most  corrosive  site 
(mean  SO„  level  of  0. 12  ppm)  was  about  50  percent  higher  than  at  the  least 
corrosive  site  (mean  SO^  level  of  0.03  ppm)  .    Sulfation  rates  in  St.  Louis, 
measured  by  lead  peroxide  candle,  also  correlated  well  with  weight  losses  due 
to  corrosion  although  suspended  particulate  levels  measured  in  Chicago  with 
high-volume  samplers  correlated  with  corrosion  rates,  a  covariance  analysis 
indicated  that  sulfur  dioxide  concentrations  had  the  dominant  influence  on 
corrosion.    Measurements  of  dustfall  in  St.  Louis,  however,  did  not  cor- 
relate significantly  with  corrosion  rates.    Based  on  this  data,  it  appears 
that  considerable  corrosion  may  take  place  (i.e. ,  from  11  to  17  percent 
weight  loss  in  steel  panels)  at  annual  average  sulfur  dioxide  concentrations 
ranging  from  0.03  to  0.12  ppm,  and  although  high  particulate  levels 
tend  to  accompany  high  sulfur  dioxide  levels,  the  sulfur  dioxide  concen- 
tration appears  to  have  the  more  important  influence  (26)  . 

Particulates  play  a  significant  role  in  corrosion  and  damage  to  electronic  equip- 
ment of  all  kinds,  even  when  precious  metals  are  used  to  minimize  such  effects. 
The  contacts  in  electrical  switches  are  vulnerable  to  chemical  or  mechanical 
action  by  particulates.    The  particulates  commonly  found  in  industrial  and 
urban  atmospheres  are  serious  factors  in  the  corrosion  and  failure  of  electri- 
cal connectors  and  circuits. 
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The  ability  of  particulates  to  damage  and  soil  buildings,  sculpture,  and  other 
structures  is  particularly  great  in  cities  where  large  quantities  of  coal  and 
sulfur-bearing  fuel  oil  are  burned.    Particles  may  cause  deterioration  to  many 
types  of  masonry  by  acting  as  reservoirs  for  the  harmful  acids  generated  by 
the  combustion  of  these  fuels .    In  addition  to  direct  erosion  and  physical 
degradation  of  materials,  particles  stick  to  surfaces  with  which  they  come  in 
contact,  forming  a  film  of  tarry  soot  and  grit  which  may  or  may  not  be  removed 
by  the  action  of  rain.    The  result  is  a  dingy,  soiled  appearance,  and  much 
money  and  effort  must  be  spent  to  sandblast  off  the  sooty  layers  that  accumu- 
late. 

Particulates  also  may  soil  the  painted  surfaces  of  walls,  ceilings,  and  the  exter- 
iors of  homes  and  buildings,  and  may  cause  them  to  become  stained  and 
pitted.    Automobile  finishes,  for  example,  have  been  damaged  by  particulate 
matter  emitted  from  nearby  industial  operations.    Particles  may  settle 
on  painted  surfaces  before  the  paint  has  dried,  thus  producing  imperfections 
and  reducing  the  ability  of  the  paint  to  protect  the  surface.    Such  surfaces 
are  likely  to  soon  require  refinishing . 

The  soiling  of  clothing,  curtains,  and  similar  textiles  makes  them  unattractive 
and  diminishes  their  use.    The  extent  of  soiling  is  influenced  by  a  number  of 
factors,  including  the  temperature,  relative  humidity,  and  wind  condi- 
tions.   Small' particles  may  penetrate  deep  into  the  fibers  of  curtains  hanging 
in  open  windows.    Curtains  weakened  by  such  exposure  to  atmospheric  soiling 
and  acidity  deteriorate  in  a  characteristic  manner.    The  vulnerability  of  tex- 
tile products  to  the  acid  components  of  airborne  particles  also  depends  on  the 
composition  of  the  material.    Cellulosic  fibers,  for  example,  such  as  cotton, 
linen,  hemp,  jute,  and  man-made  rayon,  are  particularly  sensitive  to  attack 
from  such  substances  as  sulfurous  and  sulfuric  acids.    In  addition  to  the 
aesthetic  degradation  and  the  nuisance  created  by  particulate  matter,  direct 
costs  may  be  associated  with  the  increased  rate  of  deterioration  of  textiles, 
the  extra  cleaning  required,  and  the  manufacturing  expenses  for  fabrics 
that  are  more  resistant  to  air  pollution. 
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The  highest  predicted  annual  incremental  rates  of  particulate  matter  are 

3 
10  jjgm/m    located  in  the  immediate  vicinity  of  the  plant  site,  some  6  to  6.5 

times  less  than  those  rated  in  the  State  College  studies.    The  State  College 
did  not  give  an  estimate  of  SO„  concentrations.    When  sulfur  dioxide  levels 
were  observed  to  cause  increases  in  corrosion,  the  particulate  matter  concen- 
tration was  not  identified  except  to  say  that  it  was  present. 


In  general,  it  may  be  concluded  that  higher  rates  of  sulfur  dioxide  and 
particulate  concentrations  are  predicted  in  areas  where  little  human  habita- 
tion occurs.    The  greatest  corrosion  rates   (combined  concentration  levels 
of  sulfur  dioxide  and  particulate  matter)  would  be  in  the  vicinity  of  the  oil 
shale  complex  which  are  substantially  less  than  those  rates  observed  in 
the  studies. 

The  ability  of  particulates  to  damage  and  soil  finished  surfaces  and  textile 
products  depends  on  a  number  of  factors  such  as  temperature,  relative  humid- 
ity, wind  conditions,  concentration  levels,  and  the  presence  of  other  pollu- 
tants such  as  sulfur  dioxide.    Preliminary  studies  indicate  that  particulate 
levels  in  a  worst  case  could  reach  quite  high  levels  in  the  upper  part  of 
Parachute  Creek  valley.    Residences  in  the  valley  would  experience  various 
degrees  of  the  observed  effects. 

SUMMARY 

The  proposed  Colony  Development  Operation  can  be  expected  to  have  a 
significant  impact  on  population,  housing,  income,  employment,  social  well- 
being,  etc.    However,  the  data  suggests  that  the  project-related  impacts  will 
represent  only  a  small  addition  to  trends  and  development  already  ongoing 
within  the  region . 

The  key  to  avoiding  major  problems  and  discontent  involves  good  planning 
and  the  timely  development  of  infrastructure  systems  and  related  facilities.    A 
problem  of  financial  capability  to  develop  needed  facilities  and  provide  services 
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during  the  early  phases  of  development  is  expected.  However,  the  longer- 
term  view  suggests  that  governmental  revenues  will  be  adequate  to  pay  for 
the  facilities  and  public  personnel  needs. 

The  people  of  the  region  and  the  economy  may  become  somewhat  more  energy- 
minerals  oriented.    However,  if  the  recreation-tourism  industry  continues  to 
grow  and  is  not  adversely  impacted,  the  change  will  be  minor.    The  socio- 
political nature  of  the  constituency  is  expected  to  change.    During  Phase  I, 
the  impact  is  not  expected  to  be  substantial  because  many  of  the  induced 
employees  will  view  themselves  as  transient  and  are  not  likely  to  become 
significantly  involved  in  the  local  and  regional  political  process.    As  the 
influx  of  induced  employees  moves  into  the  region  just  prior  to  Phase  II,  it 
is  expected  that  a  significant  transition  will  occur.    These  people  will 
probably  view  themselves  as  permanent  residents  and  hence  become  interested 
in  the  local  and  regional  political  process.    It  is  expected  that  these  permanent 
people  will  be  interested  in  the  school  system,  the  local  and  special  districts, 
the  taxation  issues,  future  planning,  and  other  governmental  issues.    If 
concentrated  growth  occurs  as  projected,  it  would  be  expected  that  the  local 
governmental  structure  in  Grand  Valley  would  have  to  be  significantly 
expanded  or  reconstructed.    Recognition  of  the  needs  and  slightly  different 
attitudes  and  values  of  the  new  in-migrants  should  avoid  most  problems  and 
allow  an  orderly  transition  from  the  present  rural-western  character  of  the 
region  to  a  slightly  more  urban-oriented  population. 

The  effects  of  the  predicted  concentration  levels  of  air  pollutants  on  man's 
health  have  not  been  well  established  .    The  annual  mean  concentration  levels 
predicted  for  the  plant  site  (1)  are  far  below  the  levels  observed  to  cause  health 
problems.    The  same  is  true  for  ambient  incremental  concentration  levels 
predicted  for  the  Parachute  Creek  and  Colorado  River  valleys   (5)  (6)  .    Short- 
term  and  worst  case  incremental  concentration  levels  from  preliminary  studies 
performed  by  Colony  for  particulate  matter  and  short-term  concentration  levels 
for  the  plant  site  for  sulfur  dioxide,  particulate  matter,  nitrogen  oxides,  and 
total  hydrocarbons  indicate  that  Federal  and  State  of  Colorado  standards  for 
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several  pollutants  may  occasionally  be  exceeded .    Numerous  violations  of 
the  Federal  Prevention  of  Significant  Deterioration  Regulations  for  particulate 
matter  are  predicted  and  the  State  of  Colorado's  incremental   standards 
for  short-term  concentrations  of  sulfur  dioxide  may  be  occasionally  exceeded. 
The  statistical  confidence  level  of  many  of  the  calculations  composing  the 
predictions  is  not  high.    According  to  literature  reviewed  and  comparisons 
of  the  Federal  and  State  of  Colorado  ambient  air  quality  standards  with 
the  predicted  incremental  levels,  it  is  unlikely  that  adverse  impacts  from 
air  pollutants  on  human  health  will  occur .    It  is  not  known  if  smog  will 
result  from  air  emissions  estimated  to  occur  as  a  result  of  Colony's  proposal. 

The  effects  of  air  pollutants  on  man-made  materials  will  depend  on  the  concen- 
tration levels  reached.    Many  of  the  effects  such  as  the  soiling  of  textile 
fabrics  would  certainly  have  at  least  a  nuisance  value  and  the  corrosion  of 
painted  surfaces  and  metals  could  increase  maintenance  and  renewal  costs . 
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CHAPTER  V 
MITIGATING  MEASURES 

The  mitigating  measures  analyzed  in  this  chapter  are  actions  which  would 
in  some  way  reduce  or  eliminate  an  impact  identified  in  Chapter  IV .    The 
assumption  in  the  foregoing  analysis  is  that  only  the  mitigating  actions 
stated  herein  are  counted  upon  as  commitments  for  environmental  control. 
Therefore,  it  is  assumed  that  Colony  will,  in  fact,  completely  fulfill  its 
stated  commitments  to  mitigate  the  adverse  environmental  effects  in  the 
manner  that  is  stated  in  Colony's  published  reports. 

The  proposed  action  includes  many  features  of  design  to  aid  in  complying 
with  regulated  standards,  i.e.,  machinery  and  facilities  with  built-in 
emission  controls. 

Pipeline  construction  is  the  major  action  under  Federal  control  and  contin- 
gent on  a  Federal  right-of-way  grant.    Depending  on  the  routes  selected 
for  transmission  line  construction,  a  Federal  right-of-way  may  be  required. 

Prudent  and  reasonable  stipulations  are  a  BLM  requirement  prior  to  the 
issuance  of  a  right-of-way  and  must  be  agreed  to  by  the  applicant  and 
grantor.    The  inclusion  of  stipulations  protects  resources  against  unmitigated 
impacts .    Stipulations  will  identify  areas  of  concern  for  both  the  applicant  and 
the  grantor.    These  conditions  of  stipulations  are  binding  on  both  parties. 
Termination  of  the  right-of-way  will  be  enforced  if  the  stipulations  are 
significantly  violated. 

The  mitigating  measures  will  be  discussed  by  environmental  components  in 
the  same  fashion  as  in  Chapter  IV  (Impacts)  .    Furthermore,  they  will  be 
divided  into  "Colony's  Commitments",  which  are  firm  commitments  proposed 
by  Colony,  and  "Federal,  State,  and  Local  Requirements",  which  are  miti- 
gating measures  required  by  governmental  agencies  with  jurisdiction  by  law. 


V-l 


MITIGATION 

AIR 


COLONY'S  COMMITMENTS 


Colony  is  required  by  law  to  meet  the  State  of  Colorado's  regulations  regarding 
sulfur  dioxide,  particulates,  odors,  smoke,  and  fugitive  dust  in  addition  to 
the  Federal  regulations  covering  concentration  levels  of  nitrogen  oxides, 
carbon  monoxide,  and  nonmethane  hydrocarbons.    Colony's  proposed  efforts 
toward  compliance  with  these  standards  are  integrated  into  the  total  plant 
complex  design  for  emissions  from  the  installations .    A  few  examples  are 
venturi  wet  scrubbers  in  the  retort  units,  flares,  and  sulfur  recovery  units. 
Colony  has  also  stated  that  it  should  be  able  to  avoid  actual  violations  of  the 
State  of  Colorado's  incremental  SO~  standards  by  curtailing  operations  or  by 
burning  hydrotreated  shale  oil  as  a  plant  fuel  whenever  local  ambient  con- 
centrations of  SO~  produced  by  the  plant  approach  applicable  State  standards. 
Flue-gas  desulfurization  was  considered  by  Colony  and  judged  to  be  more 
expensive  and  less  reliable  than  the  use  of  hydrotreated  fuels  for  sulfur  removal 
Control  technology  used  throughout  the  plant  such  as  incineration,  complete 
retorting,  foul  water  stripping  and  other  emission  control  techniques,  are 
designed  to  reduce  odors.    Fugitive  dust,  if  it  becomes  a  problem  off  site, 
will  be  controlled  by  use  of  the  best  available  dust  control  technology. 
The  various  proposed  methods  for  controlling  and  reducing  emissions  are 
discussed  in  Chapter  II.    Table  11-19,  for  example,  shows  the  estimated 
uncontrolled  emissions  of  particulates  and  the  controlled  rate  estimates 
for  several  units;  the  discussion  of  flaring  during  start-up  will  give  the 
reader  an  idea  of  the  effectiveness  of  sulfur  emission  control  devices . 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

The  Federal  Clean  Air  Act  of  1970  empowered  the  then  newly  formed  Environ- 
mental Protection  Agency  to  set  two  classes  of  National  Ambient  Air  Quality 
Standards .    First  was  the  primary  standards  to  be  set  at  the  limit  at  below 
which  no  deteriorative  health  effects  could  be  observed.    Second  were  the 
secondary  standards  which  dealt  with  the  no-health  related  impacts  that,  in 
some  manner,  affected  the  welfare  of  the  population.    Included  among  these 
secondary  effects  were  damage  caused  to  structures  and  materials,  damage 
to  commercial  agriculture,  visibility  reduction,  etc.,  essentially  those 
impacts  which  affected  the  economic  and  social  aspects  of  society . 
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The  standards  must  be  met  throughout  the  country.    The  act  also  empowered 

the  individual  states  to  choose  or  set  more  stringent  standards  within  their 

boundaries .    National  standards  represent  the  maximum  concentrations  that 

are  allowed . 

As  a  result  of  later  court  decisions,  the  Environmental  Protection  Agency 
(EPA)  and  the  states  are  now  required  to  ensure  the  maintenance  of  the 
national  standards  once  they  are  achieved  and  to  prevent  the  significant 
deterioration  of  air  quality  levels  in  areas  having  air  quality  cleaner 
than  required  by  the  standards.     Under  the  Prevention  of  Significant 
Deterioration  Regulations  adopted  December  5,  1974,  EPA  has  set  standards 
defining  allowable  increments  of  particulates  (including  fugitive  dust)  .and 
sulfur  dioxide  gas  (Table  IV-4)  .    Colony's  facility  will  be  subject  to  these 
regulations  as  a  Fuel  Conversion  Plant.    The  present  standards  for  this 
area  and  all  regions  of  the  country,  pending  a  threefold  classification  plan, 
are  the  Class  II  standards  which  define  allowable  increments  of  pollutants 
above  existing  background  conditions. 

When  Colony  submits  a  New  Source  Performance  Review  application,  it  will 
be  subject  to  thorough  review  by  EPA  for  compliance  of  the  Prevention  of 
Significant  Deterioration  Regulations.    Emission  factors  and  modeling  by 
Colony  will  be  reviewed  and  EPA  will  independently  conduct  air  quality 
diffusion  computer  modeling  if  necessary  to  determine  compliance  with  these 
standards . 

Applicable  storage  requirement  regulations  for  various  substances  and  their 
safety  codes  have  been  issued  by  the  Occupational  Safety  and  Health  Adminis- 
tration (OSHA)  .    Colony's  facilities  will  be  subject  to  specific  regulations. 
They  are  found  in  29  CFR,  Part  1910.    Included  are  Part  1910, 110,  which 
deals  with  LPG  storage;  Part  1910.106,  containing  requirements  for  fixed 
storage  of  flammable  and  combustible  liquids;  and  Part  1910.  Ill,  which  explains 
regulations  for  storing  ammonia. 

New  Source  Performance  Standards  (NSPS)  were  adopted  on  March  8,   1974 
by  EPA  for  petroleum  refineries  and  storage  vessels  for  petroleum  liquids. 
Process  heaters,  boilers,  and  flares  at  the  plant  are  subject  to  these  MSPS 
under  the  petroleum  refineries  category.    The  standards  for  petroleum 
refineries  limit  emissions  of  sulfur  dioxide  from  fuel  gas  combustion  systems 
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Any  fuel  gas  which  contains  H?S  in  excess  of  230  mg/dscm   (0.10  gr/dscf) 
shall  not  be  burned  in  a  fuel  gas  combustion  device.    The  operation  may 
treat  the  gases  resulting  from  the   combustion  of  these  fuel  gases  to  limit 
S02  release  to  the  atmosphere  equal  to  the  above.    According  to  Colony, 
the  gas  recovery  and  treating  unit  has  been  designed  to  remove  H_S  from 
the  fuel  gas  and  will  meet  the  0.10  gr/dscf  standard. 

The  intent  of  the  Colorado  Air  Pollution  Act  of  1970  is  to  achieve  and  maintain 
levels  of  air  quality  which  will  protect  human  health  and  safety,  prevent 
injury  to  plant  and  animal  life,  prevent  damage  to  property,  prevent  unreason- 
able interference  with  public  welfare,  preserve  visibility,  and  protect  scenic, 
aesthetic,  and  historic  values  of  Colorado. 

The  regulations  resulting  from  both  acts  are  in  effect  mitigating  measures 
since  their  purpose  is  to  reduce  certain  air  pollution  emissions  to  a  level 
within  bounds  of  the  intent  of  the  acts.    Table  IV- 4  identifies  the  Federal  air 
quality  primary  and  secondary  standards  and  Prevention  of  Significant 
Deterioration  regulations. 

In  addition,  the  State  of  Colorado  has  devised  standards  that  further  refine 
the  concentration  levels  for  sulfur  dioxide  and  particulates,  sulfur  emission 
rates  for  odors,  and  fugitive  dust. 

Emission  rates  for  particulates,  smokes,  and  sulfur  oxides  are  governed  by 
"Regulation  No.  1"  of  the  Colorado  Air  Pollution  Control  Commission.    Table 
IV-5  identifies  the  current  regulations  for  suspended  particulate  matter  in 
non-designated  areas  and  allowable  increments  of  sulfur  dioxide  in  Category 
I  areas.    Fugitive  dust  is  also  subject  to  "Regulation  No  1" .    This  regulation 
stipulates  the  limits  of  restriction  of  opacity  which  would  be  allowed  and  lists 
abatement  and  preventive  measures  to  be  used  in  controlling  fugitive  dust. 
The  regulation  also  provides  for  the  issuance  of  a  permit  for  a  complaint 
procedure  whereby  operations  emitting  objectionable  quantities  of  fugitive 
dust  may  be  investigated. 

Colorado  "Regulation  No  2"  deals  with  odorous  air  contaminants  that  will 
apply  to  oil  shale  operations. 

Colorado  "Regulation  No  3"  requires  an  "Air  Contaminant  Emission  Notice", 

describing  each  anticipated  emission  source,  be  filed  prior  to  the  release  of 
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any  air  contaminant.    It  also  provides  that  an  emission  permit  must  be  obtained 
prior  to  the  construction  or  operation  of  an  air  contamination  source.    According 
to  Colorado  "Regulation  No.  3",  acceptable  halt  and  curtailment  procedures 
must  be  submitted  by  an  applicant  before  authority  to  construct  or  a  permit  to 
operate  an  air  contamination  source  can  be  granted. 

Federal  mitigations  along  the  proposed  powerline  and  pipeline  are  as  follows: 

-  During  the  construction  of  the  powerline  and  pipeline  rights-of-way, 
when  soils  are  dry  and  subject  to  being  pulverized  and  creating 
excessive  dust,  the  authorized  officer  may  require  sprinkling  with 
water  of  the  pipeline,  powerline,  rights-of-way  and  existing  roads. 
The  fugitive  dust  impact  could  be  essentially  eliminated  if  operations 
were  conducted  on  moist  ground . 

-  The  Bureau  of  Land  Management  will  not  grant  the  pipeline   right-of-way 
until  after  the  State  of  Colorado  has  granted  the  necessary  air  emission 
permits  for  the  Colony  plant. 

WATER  RESOURCES 

COLONY'S  COMMITMENTS 

Colony  has  committed  itself  to  a  zero  water  discharge  of  waste  water  into 
Parachute  Creek  (2)  .    This  will  be  accomplished  by  the  construction  of  the 
Davis  Gulch  catchment  dam,  which  will  catch  all  surface  water  from  the  Davis 
Gulch  watershed  that  becomes  contaminated  or  polluted  as  a  result  of  coarse 
ore  storage,  plant  operations,  and  processed  shale  disposal. 

The  water  and  chemicals  collected  from  leaks,  drain-outs,  flushes,  wash- 
downs  and  stream  runoff  in  the  process  area  will  flow  through  the  oily  water 
sewer  system  to  an  oily  water  separator;  water  will  then  go  to  the  shale  pile. 
A  single  pond  will  be  provided  to  handle  large  quantities  of  water  during  a 
period  of  high  storm  runoff. 
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Springs  and  seeps  if  encountered  in  the  area  of  processed  shale  disposal 
will  be  capped  and  diverted  to  prevent  saturation  of  the  bottom  and  sides  of 
the  pile .    This  will  also  prevent  leachate  from  entering  ground  water  aquifers 
as  the  water  level  is  lowered  as  mining  progresses . 
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All  storage  facilities,  including  the  120,000  barrel  oil  storage  tank,  will  be 
diked  to  contain  leakage.    The  diked  area  would  be  sufficient  to  hold  110 
percent  of  the  tankage  volume. 

Sanitary  sewage  from  the  plant  site,  mine  bench,  and  Grand  Valley  facilities 
will  be  processed  by  separate  package  aeration  plants  at  each  site.    The 
sludge  and  clarified  water  from  the  plant  site  and  mine  bench  area  will  be 
put  on  the  processed  shale  pile.    The  plant  at  the  Grand  Valley  site  will 
probably  discharge  the  clarified  water  into  the  Colorado  River,  after  permits 
are  granted,  and  transport  the  sludge  to  the  Davis  Gulch  shale  disposal  area. 

Temporary  stream  diversions  will  be  constructed  to  reduce  siltation  and 
riprap  energy  dissipators  will  be  placed  at  culverts  and  other  structures 
that  tend  to  increase  stream  velocity. 

The  paving  of  the  Parachute  Creek  road  will  reduce  the  amount  of  sediment 
and  silt  produced  from  the  original  unpaved  road.    This  will,  however, 
increase  the  amount  of  runoff. 

A  water  contract  with  Bureau  of  Reclamation  for  up  to  7,200  acre  feet  will  provide 
water  that  will  prevent  Colony's  withdrawals  from  impinging  downstream  water 
use  and  reduce  the  impact  of  increased  T.D.S.  due  to  the  release's  diluting 
effect.    If  needed  a  portion  of  this  water  can  be  released  to  protect  original 
water  rights  downstream  by  means  of  the  turnout  vlave. 

In  the  event  that  subsidence  should  occur  and  result  in  detrimental  alteration 
to  surface  drainage  patterns,  the  following  corrective  measures  could  be 
taken  (3) :     sealing  of  zones  of  increased  permeability  due  to  subsidence  in 
water  courses  if  water  losses  to  the  subsurface  becomes  excessive;  deepening 
of  stream  channels  to  prevent  drainage  reversal  or  ponding  of  water  in 
subsided  areas . 

An  Oil  Spill  Contingency  Plan  for  the  proposed  oil  pipeline  has  been  prepared, 
by  Colony,  and  is  Appendix  1  of  this  FES.    This  plan  provides  for  response 
procedures  which  are  set  in  motion  after  a  spill  has  occurred.    This  plan 
also  applies  to  the  plant-mine  and  terminal  storage  facilities. 
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A  Spill  Prevention  Control  Countermeasure  Plan   (SPCC  Plan)  will  be 
prepared  within  6  months  after  construction  of  the  plant-mine  and  terminal 
storage  facilities.    This  plan  provides  for  measures  which  prevent  an  oil 
spill,  e.g.,  dikes,  diversions,  emergency  valves,  etc. 

Oil  at  the  Parachute  Creek  pump  station  and  Lisbon  Terminal  would  be 
monitored  for  temperature,  flow  rate,  and  pressure.    Pressure  alarms  will 
be  installed  to  immediately  notify  operating  personnel  of  possible  upset 
conditions.    Sump  tanks  to  accommodate  flow  from  relief  valves  and  oil 
strainers  placed  in  the  incoming  product  line  will  be  located  at  each  facility. 
The  sump  tanks  would  be  equipped  with  volume  level  switches  and  alarms 
to  prevent  overflow. 

The  120,000  barrel  storage  tank  at  Lisbon  Valley  will  be  equipped  with 
product  level  alarms  which  signal  the  operator  one  hour  prior  to  the  tank 
reaching  capacity  and  will  shut  the  system  down  when  the  tank  reaches  capacity 

Mainline  valves  would  be  placed  on  the  pipeline  system  in  accordance  with 
Department  of  Transportation  Regulations  Title  49  CFR,  Chapter  I,  Part  195. 
In  particular,  the  following  types  would  be  located  as  indicated  below: 

-  Outgoing  pipeline  from  Parachute  Creek  pump  station. 

-  16  in.  -  600  series  manual  activated  motor  operated  gate  valve. 

-  16  in.  -  600  series  manually  operated  gate  valve. 

-  Incoming  pipeline  to  Lisbon  Terminal. 

-  16  in.  -  900  series  manually  operated  gate  valve. 

-  16  in.  -  900  series  manually  activated  motor  operated  gate  valve. 

-  Scraper  trap  valves. 

-  16  in.  -  600  series  manually  activated  motor  operated  gate  valves 
at  Parachute  Creek  station. 

-  16  in.  -  900  series  manually  activated  motor  operated  gate  valves 
at  Lisbon  Terminal  pump  station. 

-  Colorado  River  crossing   (each  side)  . 

-  16  in.  -  900  series  automatic  activated  motor  operated  gate  valves. 
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-  Various  mainline  locations  dependent  upon  topography  (to  be  placed  in 
minimize  leakage  by  isolation  of  12,000  barrel  pipeline  sections  should 
a  break  occur) . 
-   16  in.  -  600  and  900  series  manually  operated  gate  valves. 

Pressure  sensing  devices  will  be  installed  that  are  capable  of  detecting 
pressure  changes  of  as  little  as  one  pound-per-square  inch.    Volume  will 
be  measured  to  within  0.05  percent  on  a  daily  basis.    The  sensing  devices 
will  be  calibrated  and  a  baseline  reading  established  that  will  enable  the 
operators  to  determine  pipeline  leaks  or  equipment  failures. 

Mitigating  measures  in  crossing  Kane  Springs  Creek  include  the  use  of  small 
cofferdams  during  construction  to  ensure  continued  streamflow  and  erosion 
control  measures,  to  reduce  sedimentation,  on  the  sloping  side  of  the  creek. 

On  those  streams  along  the  pipeline  route  which  are  not  perennial,  crossings 
will  be  made  at  right-angle  to  streamflow,  protecting  deep  washwalls  from 
collapsing . 

A  complete  hydrostatic  test  will  be  made  before  the  operation  of  the  line  to 
ensure  against  leaks   (4)  .    Scrubbers  will  be  installed  at  the  Colorado  River 
and  will  clean  all  debris  and  chemicals  out  of  the  pipe  from  the  Colorado 
River  to  the  plant  site  and  from  the  Colorado  River  to  the  Lisbon  Terminal. 
All  debris  from  the  pipe  will  be  collected  at  each  ending  point.    The  pipe  is 
then  filled  with  water  and  the  pipeline  will  be  subject  to  slowly  increasing 
pressure  until  it  attains  no  less  than  125  percent  of  the  maximum  operating 
pressure  and  be  held  at  no  less  than  that  level  for  24  hours,  without  leakage. 
The  water  will  be  returned  to  the  Colorado  River,  after  proper  discharge 
permits  are  obtained  from  the  Colorado  Department  of  Health,  Water  Quality 
Commission,  through  4-inch  connections.    This  small  volume  should  eliminate 
scouring  of  the  river  bed. 

Mitigating  measures  in  the  soils  and  vegetative  components  of  this  chapter  as 
proposed  by  Colony,  i.e. ,  revegetate  after  construction  along  the  Parachute 
Creek  corridor,  will  also  mitigate  impacts  on  water  quality  after  re-estab- 
lishment is  made.    Runoff  rates  should  then  be  back  to  normal. 
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FEDERAL,    STATE,    AND  LOCAL  REQUIREMENTS 

The  Federal  Water  Pollution  Control  Act  Amendments  of  1972,  Sec.  311,  Public 
Law  92-500,  October  18,  1972,  sets  water  quality  administrative  framework 
for  all  waters  in  the  U.S.    This  act  establishes  the  Environmental  Protection 
Agency  as  the  legal  authority,  who  in  turn  establishes  water  quality  criteria. 

The  Department  of  Transportation  Regulations,  Title  49  CFR,  Chapter  I, 
Part  195,  gives  minimum  safety  standards  for  pipeline  construction. 

Under  Colorado's  Water  Quality  Control  Act,  Title  25,  Article  8,  regulations 
are  established  governing  the  minimum  quality  of  the  effluents  of  sewage 
discharged  into  Colorado  River  waters,  and  are  as  follows: 

-  The  effluent  of  sewer  systems  or  trade  wastes  shall  not  contain  substances 
in  quantities  toxic  to  man . 

-  No  floating  matter  shall  be  discharged  in  the  effluent  of  sewer  systems 
or  trade  wastes. 

-  The  effluent  of  sewer  systems  and  trade  wastes  shall  not  contain  settleable 
matter  exceeding  five-tenths  (0.5)  milliliter  per  liter. 

-  The  effluent  of  sewer  systems  and  trade  wastes  shall  not  contain  suspended 
matter  exceeding  seventy-five  (75)  parts  per  million. 

-  That  portion  of  domestic  sewage  or  industrial  waste  that  is  dissolved  or 
suspended  in  the  effluent  of  sewer  systems  or  trade  wastes  shall  not  exceed 
thirty  (30)  parts  per  million  when  measured  in  terms  of  five-day,  twenty 
degree  Centigrade  Biochemical  Oxygen  Demand  (5-day,  20  C  BOD)  ,  in 
any  case.    However,  in  watercourses  that  are  used  downstream  in  Colorado 
as  a  surface  source  of  public  domestic  water  supply,  the  dissolved  or  sus- 
pended matter  shall  not  exceed  thirty  (30)  parts  per  million  when  measured 
in  terms  of  five-day,  twenty  degree  Centigrade  Biochemical  Oxygen  Demand 
(5-day,  20°C  BOD)  . 

Reporting  of  oil  spills  would  also  be  required  under  Colorado's  Water  Quality 
Control  Act . 
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Utah's  Water  Pollution  Control  Act,  Title  73,  Chapter  14,  Utah  Code  Annotated 
1953  as  amended  1967,  requires  all  hazardous  spills  to  be  reported.    Also, 
under  this  act,  Utah's  State  Health  Department  monitors  discharges  such  as 
the  hydrostatic  test  to  be  made  during  the  construction  of  the  pipeline,  after 
permits  are  granted  by  EPA . 

Many  of  the  Federal,  State,  and  local  requirements  under  the  vegetative  and 
soils  component  of  this  chapter  will  also  mitigate  the  effects  of  construction 
to  water  quality.    These  mitigating  measures  will  lessen  the  degradation  of 
water  quality  by  reducing  runoff  and  erosion  rates  to  preconstruction  rates 
within  a  few  years  after  construction  is  completed . 

Other  BLM  measures  that  will  mitigate  water  quality  along  the  pipeline  and 
powerline  rights-of-way  are  as  follows: 

-  No  contaminated  water  should  be  released  into  a  stream  channel,  inter- 
mittent or  perennial. 

-  Water  released  after  hydrostatic  testing  will  be  released  at  a  rate  and 
manner  that  will  preclude  erosion  of  stream  channels. 

-  All  drainage  crossings  that  require  filling  will  be  provided  with  drainage. 
These  fills  will  be  constructed  to  prevent  concentration  of  water  and 
formation  of  new  unnatural  drainages . 

-  The  pipeline  will  be  constructed  across  the  Colorado  River  during  the 
lowest  water  level  (usually  September)  .    This  will  reduce  scouring, 
T.D.S.  and  siltation  from  the  construction  process. 

-  No  discharge  of  fuels,  lubricants,  chemicals,  explosives,  or  other 
material  which  may  contaminate  water,  surface  or  subsurface,  will  be 
permitted . 

-  All  drainage  crossings  will  be  analyzed  by  the  BLM  to  determine  whether 
valving  will  be  required  on  either  side  of  drainage.    If  it  is  determined  they 
are  needed  valves  will  be  required. 

SOILS 

COLONY'S  COMMITMENTS 

Cuts  and  fills  will  be  graded,  compacted,  and  planted  within  one  year 
after  construction  to  reduce  soil  loss. 

V-ll 


MITIGATION 

At  Hatch  Wash  and  Kane  Springs,  erosion-check  terraces  across  the  faces  of 
the  descent  and  ascent  of  the  pipeline  route  into  the  creek  will  be  constructed . 

Grading  will  be  done  at  all  stream  crossings  to  ensure  natural  drainage 
patterns. 

Public  Service  Company  of  Colorado  has  made  the  commitment  to  Colony  that 
during  construction  of  the  powerline  right-of-way,  equipment  will  be  moved 
over  the  right-of-way  on  alternating  pathways  to  lessen  soil  disturbance  (5)  . 
Driving  machines  over  brush  will  be  done  instead  of  scraping  the  soil  surface. 

The  use  of  helicopters  for  tower  placement  will  be  used  in  areas  where  roads 
are  lacking  and  construction  equipment  cannot  be  driven  cross-country. 
This  will  greatly  reduce  soil  loss  and  disturbance. 

A  sizeable  portion  of  the  200  acres  utilized  by  the  plant  will  not  be  covered  and 
the  soils  will  remain  unaffected.    The  same  observations  apply  to  the  Grand 
Valley  facilities. 

During  excavation,  as  much  topsoil  as  possible  will  be  removed  and  stockpiled 
for  further  use  on  the  processed  shale  embankment. 

In  Davis  Gulch,  rehabilitation  of  the  processed  shale  pile  will  commence  after 
proper  height  of  the  pile  has  been  achieved   (2)  .    Organic  matter  will  be  used 
as  well  as  supplemental  irrigation  to  enhance  rehabilitation  of  the  processed 
shale  and  the  redistribution  of  topsoil.    Collection  drains  and  paved  flumes 
on  the  face  of  the  shale  pile  as  shown  in  Figure  11-29  should  reduce  erosion 
and  soil  movement. 

One  of  Colony's  alternatives  after  the  20-year  plant  life  is  to  remove  all  struc- 
tures at  the  plant  site  and  Grand  Valley.    All  foundations  will  be  filled  with 
soil  to  a  depth  of  two  to  three  feet.    Roads  will  be  ripped  and  covered  with 


V-12 


SOILS 


one  foot  of  soil.  A  total  of  500,000  cubic  yards  of  soil  will  be  relocated  to 
form  a  landscape  that  is  similar  to  the  original.  The  ground  will  then  be 
slightly  furrowed  to  curtail  erosion  and  stimulate  revegetation . 

The  above  mitigating  measures  proposed  by  Colony  should  reduce  or  curtail 
the  soil  impact.    Amount  of  reduction  cannot  be  determined  because  of  the 
generalities  made  by  Colony  on  revegetation  times,  species,  and  soil  place- 
ment. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

The  Colorado  Mining  Laws  enacted  in  1969  require  a  stabilization  plan  which 
outlines  the  operator's  proposals  to  stabilize  land  disturbance  created  by 
his  mining  efforts.    These  proposals  are  subject  to  agreement  with  the  Deputy 
Director,  Division  of  Mines.    Enforcement  is  by  the  Colorado  Bureau  of  Mines. 

Federal  mitigating  measures  for  pipeline  and  powerline  rights-of-way  are  as 
follows: 

-  No  cross-country  motor  vehicular  travel  will  be  permitted  along  the 
proposed  pipeline  and  powerline  right-of-way.    All  motor  vehicle  opera- 
tions must  be  confined  to  existing  roads  and  the  right-of-way  area. 
This  will  confine  the  soil  disturbance  to  only  along  the  50-foot  right-of- 
way  .    All  new  access  created  in  the  construction  of  the  pipeline  and 
powerline  should  be  barricaded  to  prevent  travel  on  the  rights-of-way, 
eliminating  continued  soil  disturbance  from  hunters  and  recreationists . 

-  Water  bars  will  be  constructed  to  curtail  soil  movement  and  to  divert 
runoff  away  from  the  rights-of-way  and  toward  natural  drainage  and 
should  be  spaced  approximately  as  follows: 

2%  grade  or  less  -  400  feet 

2  to  5%  grade  -  200  feet 

5  to  8%  grade  -  100  feet 

10%  grade  or  more  -  50  feet 
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MITIGATION 

-  The  width  of  the  trench  at  the  surface  of  the  ground  for  the  proposed 
pipeline  right-of-way  should  be  no  greater  than  40  inches.    The  size 
of  the  disturbed  topsoil  along  the  proposed  powerline  right-of-way  will 
be  no  larger  than  45  x  23  feet  for  normal  straight-line  pole  construction. 
This  will  then  limit  soil  totally  lost  from  productivity  along  the  powerline 
right-of-way  to  2.7  acres  per  mile  and  reduce  the  soil  rearrangement  and 
long-term  productivity  loss  along  the  pipeline  right-of-way  to  195  acres. 

-  The  use  of  a  brush-beater  will  be  used  to  clear  required  areas  to  avoid 
unnecessary  soil  disturbance. 

-  Vehicle  travel  will  be  limited  during  the  spring  runoff  to  avoid  rutting, 
soil  damage,  and  possible  soil  movement. 

-  All  excavated  areas  will  be  backfilled  and  compacted  to  the  satisfaction 
of  the  authorized  officer .    During  the  ditching  operation  of  the  pipeline 
right-of-way,  care  will  be  taken  to  prevent  mixing  of  soil.    Topsoil 
will  be  returned  to  the  surface. 

Of  the  1, 175  acres  estimated  to  have  potentially  severe  disturbance  along  the 
pipeline  right-of-way,  mitigations  will  reduce  this  disturbance  to  moderate. 
The  proposed  powerline  right-of-way  soil  disturbance  will  be  kept  within 
the  right-of-way,  which  is  estimated  at  950  acres. 

TOPOGRAPHY 

COLONY'S  COMMITMENTS 

The  shale  pile  will  be  constructed  to  blend  into  the  adjoining  topography  (2)  . 

Deepening  of  stream  channels  in  areas  of  subsidence,  should  it  occur,  could 
be  done  to  alleviate  drainage  reversals  or  ponding  of  water. 

After  the  2-year  plant  life,  one  of  Colony's  alternatives  is  to  remove  the  Davis 
Gulch  and  Middle  Fork  dams  (if  they  are  not  sold)  ,  and-  reshape  the  topography 
to  its  original  condition  (4)  .    This  will  mitigate  40  acres  of  topographic  disturb- 
ance caused  by  the  construction  of  dams. 
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After  the  life  of  the  plant,  Colony  will  also  move  500,000  cubic  yards  of  soil 
to  reshape  the  plant  site.    This  will  return  170  acres  to  a  simulation  of  it's 
original  shape. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

None. 

MINERAL  RESOURCES 

COLONY'S  COMMITMENTS 

Design  of  Colony's  room-and-pillar  mining  method  will  be  based  on  the  geology 
of  the  ore  body,  subsurface,  surface,  and  safety  impacts.    Valuable  design  * 
information  on  the  mode  of  failure  strength,  deformations,  load  transfers,  stress 
concentrations,  and  blast  damage  was  made  possible  by  pillar  failures  and  roof 
falls  in  the  prototype  mine .    If  this  information  is  utilized  in  designing  the  com- 
mercial mine,  the  possibility  of  significant  subsidence  should  be  decreased. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

None. 

VEGETATION 

COLONY'S  COMMITMENTS 

Colony  has  committed  itself  to  revegetating  the  shale  disposal  area  (2)  .    Its 
goal  is  a  plant  community  similar  to  that  occurring  in  Davis  Gulch.    Studies 
are  presently  underway  to  determine  the  suitable  plant  species,  therefore, 
Colony  cannot  predict  the  success  of  a  full-scale  revegetative  program. 

After  the  20-year  plant  life,  Colony  plans  to  revegetate  all  disturbed  areas- - 
again,  the  species  of  the  seed  to  be  planted  has  not  been  committed.    However, 
Colony  has  committed  to  seeding  as  many  times  as  needed  to  establish  a  vege- 
tative type  matching  the  surrounding  area. 
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MITIGATION 

The  Public  Service  Company  of  Colorado  has  made  several  commitments  for 
mitigating  of  impacts  along  the  powerline  right-of-way  which  are  as  follows: 

-  Herbicides  will  not  be  used  for  right-of-way  clearing. 

-  Shrub  and  pinyon-juniper  communities  will  not  be  disturbed  except 
where  excavations  are  necessary  for  pole  location . 

-  Equipment  will  be  moved  over  alternate  pathways  along  the  right-of- 
way  to  avoid  wearing  vegetation . 

The  above  mitigations  for  the  proposed  powerline  should  reduce  the  overall 
vegetative  loss  from  right-of-way  construction  by  5  percent  on  the  estimated 
950  acres  predicted  to  be  disturbed  or  destroyed . 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

The  Colorado  Mining  Laws  Bulletin  20  identifies  guidelines  for  implementation 
of  the  surface  lands  stabilization  provisions  of  the  Colorado  Mining  Law. 

Chapter  242,  Session  Laws  of  1969,  applies  to  regulations.    This  law  encour- 
ages "Stabilization  Work  Agreements"  with  operators,  in  this  case  Colony. 
Such  agreements  will  assure  compliance  and  provide  operators  with  techni- 
cal assistance . 

Federal  mitigating  measures  for  the  pipeline  and  powerline  rights-of-way  are 
as  follows: 

-  No  roads  will  be  built  in  conjunction  with  the  right-of-way  in  areas  where 
terrain  will  allow  vehicles  to  maneuver  without  the  aid  of  such  roads. 

-  No  cross-country  motor  vehicular  travel  will  be  permitted.    All  operators 
will  be  confined  to  existing  roads  or  the  right-of-way  area,  unless  per- 
mission is  given  by  the  authorized  officer . 
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VEGETATION 

-  In  areas  along  the  Roan  Plateau  where  large  sagebrush  and  mountain 
shrub  types  exist,  a  brush-beater  will  be  used  instead  of  scraping  the 
surface  with  heavy  equipment.    This  will  reduce  vegetative  root  disturb- 
ance and  not  kill  the  present  native  vegetation . 

-  All  trees  that  must  be  removed  for  right-of-way  access  will  be  cut  down 
to  ground  level  and  not  dozed,  leaving  the  roots  intact.    All  unsalvagable 
timber  will  be  chipped  and  used  for  mulch.    This  mulch  will  be  spread  in 
the  disturbed  areas  for  new  seed  stimulation .    All  commercial  timber  will 
be  decked  at  locations  prescribed  by  the  authorized  officer .    No  timber 
will  be  sold  by  the  applicant. 

-  Helicopter  placement  of  towers  will  be  utilized  in  any  areas  where  roads 
are  non-existent  and  construction  equipment  cannot  be  driven  cross- 
country. 

-  Only  the  vegetation  where  the  actual  powerline  tower  pad  is  to  be  placed 
will  be  removed.    All  other  vegetation,  including  trees,  should  remain 
in  place.    Trees  too  near  the  power  wires  will  not  be  cut  down,  only 
trimmed. 

-  Use  of  herbicides  will  be  prohibited  to  clear  the  right-of-way.    This 
measure  will  reduce  the  amount  of  broad-leaf  plants  removed. 

The  impact  section  estimated  that  1, 175  acres  of  vegetation  (the  total  50-foot 
right-of-way)  would  be  disturbed  and  probably  destroyed  along  the  proposed 
pipeline  right-of-way.    By  utilizing  the  above  mitigating  measures,  total 
vegetative  removal  will  be  reduced  to  195  acres  leaving  vegetative  disturbance 
at  950  acres.    If  the  above  mitigating  measures  are  used,  vegetative  removal 
or  disturbance  outside  of  the  right-of-way  would  be  eliminated .    If  the  above 
mitigating  measures  are  used  along  the  powerline  right-of-way,  vegetative 
disturbance  should  be  only  950  acres,  and  total  vegetation  removal  will  be 
2  .7  acres  per  mile. 
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The  pipeline  and  powerline  rights-of-way  and  other  disturbed  areas  will  be 
reseeded  within  one  year  after  completion  of  construction.    The  reseeding  will 
be  done  between  July  1  and  October  30  after  completion  of  construction.    In 
the  event  that  the  seeding  is  not  successful  in  the  first  try,  successive  seedings 
will  be  made  until  a  sufficient  ground  cover  is  established  as  determined  by  the 
authorized  officer . 

The  reseeding  will  be  done  by  a  disk  type  drill .    Drill  rows  will  be  eight  to 
ten  inches  apart.    The  seed  will  be  planted  not  less  than  one-half  inch  deep. 
The  seeder  will  be  followed  with  a  drag,  packer  or  roller  to  ensure  uniform 
coverage  of  the  seed  . 

Seeding  locations  and  specifications  for  the  pipeline  right-of-way  should  be 
as  follows: 

-  Approximately  40  miles  from  the  plant  complex  to  the  edge  of  the  Roan 
Plateau,  within  the  existing  mountain  shrub  vegetative  type: 

Big  Sagebrush  (Artemisia  tridentata) 
Minimum  purity  36%;  minimum  germination  70%; 
Rate  of  seeding  -  1  lb/acre. 


Western  Wheatgrass  (Agropyron  smithii) 
Minimum  purity  90%;  minimum  germination  85%; 
Rate  of  seeding  -  4  lb/acre. 

Green  Needlegrass  (Stipa  columbiana) 
Minimum  purity  85%;  minimum  germination  85%; 
Rate  of  seeding  -  3  lb/acre. 

Mountain  Brome  (Bromus  marginatus) 
Minimum  purity  80%;  minimum  germination  90%; 
Rate  of  seeding  -  1  lb/acre. 
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The  following  species  should  be  planted  within  the  existing  greasewood 
types  as  shown  in  Figure  III-70a: 

Western  Wheatgrass  (Agropyron  smithii) 
Minimum  purity  90%;  minimum  germination  85%; 
Rate  of  seeding  -  3  lbs/acre. 

Saltgrass  (Distichlis  stricta) 

Minimum  purity  70%;  minimum  germination  75%; 

Rate  of  seeding  -  2  lbs/acre. 

Indian  Ricegrass  (Oryzopsis  hymenoides) 
Minimum  purity  75%;  minimum  germination  80%; 
Rate  of  seeding  -  2  lbs/acre. 

Fourwing  Saltbush  (Atriplex  canescens) 
Minimum  purity  70%;  minimum  germination  75%; 
Rate  of  seeding  -  1  lb/acre. 

The  following  species  should  be  planted  within  the  existing  salt  desert 
shrub  types  as  shown  in  Figure  III-70a: 

Western  Wheatgrass  (Agropyron  smithii) 
Minimum  purity  90%;  minimum  germination  85%; 
Rate  of  seeding  -  3  lbs/acre. 

Indian  Ricegrass  (Oryzopsis  hymenoides) 
Minimum  purity  75%;  minimum  germination  80%; 
Rate  of  seeding  -  2  lbs/acre. 

Giant  Wildrye  (Elymus  cinereus) 

Minimum  purity  80%;  minimum  germination  85%; 

Rate  of  seeding  -  1  lb/acre. 

Nuttalls  Saltbush  (Atriplex  nutallii 

Minimum  purity  70%;  minimum  germination  80%; 

Rate  of  seeding  -  1  lb/acre. 

The  existing  pinyon-juniper  vegetative  types  along  the  proposed  pipe- 
line right-of-way,  as  shown  in  Figure III-70b,    should  be  seeded  with 
the  following  species: 

Western  Wheatgrass  (Agropyron  smithii) 
Minimum  purity  90%;  minimum  germination  85%; 
Rate  of  seeding  -  3  lbs/acre. 
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Indian  Ricegrass  (Oryzopsis  hymenoides) 
Minimum  purity  75%;  minimum  germination  80%; 
Rate  of  seeding  -  2  lbs/acre. 

Galleta  (Hilaria  jamesii) 

Minimum  purity  60%;  minimum  germination  90%; 

Rate  of  seeding  -  1  lb/acre. 

Big  Sagebrush  (Artemisia  tridentata) 
Minimum  purity  36%;  minimum  germination  70%; 
Rate  of  seeding  -  1  lb/acre. 

The  existing  blackbrush  and  desert  grassland  community,  as  shown  on 
Figure  HI-70b,  should  be  reseeded  with  the  following: 

Western  Wheatgrass  (Agropyron  smithii) 
Minimum  purity  90%;  minimum  germination  85%; 
Rate  of  seeding  -  1  lb/acre. 

Indian  Ricegrass  (Oryzopsis  hymenoides) 
Minimum  purity  75%;  minimum  germination  80%; 
Rate  of  seeding  -  2  lbs/acre. 

Galleta  (Hilaria  jamesii) 

Minimum  purity  60%;   minimum  germination  70%; 

Rate  of  seeding  -  2  lbs/acre. 

Fourwing  Saltbush  (Atriplex  canescens) 
Minimum  purity  70%;  minimum  germination  75%; 
Rate  of  seeding  -  1  lb/acre. 

The  small  marsh  community  near  Moab,  along  the  proposed  right-of-way 
consists  mainly  of  water -tolerant  plants,  such  as  rushes,    (Equisetum 
species)  .    Re-establishment  of  these  plants  naturally  is  quite  fast  (5 
years)  .    In  the  outlying  areas  of  the  marsh  type,  the  following  species 
could  be  planted: 

Saltgrass  (Distichlis  stricta) 

Minimum  purity  70%;  minimum  germination  75%; 

Rate  of  seeding  -  2  lbs/acre. 

Alkalia  Sacaton  (Sporobolus  airoides) 
Minimum  purity  80%;  minimum  germination  60%; 
Rate  of  seeding  -  2  lbs/acre. 
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By  seeding  the  right-of-way  shortly  after  construction,  vegetative  cover 
would  recover  much  faster  (3  years)  than  natural  revegetation  that  takes 
tens  of  years. 

Seeding  specifications  for  the  proposed  powerline  right-of-way  should  be 
as  follows: 

Western  Wheatgrass   (Agropyron  smithii) 
Minimum  purity  90%;   minimum  germination  85%; 
Rate  of  seeding  -  3  lbs/acre. 

Mountain  Brome  (Bromus  marginatus) 
Minimum  purity  80%;  minimum  germination  90%; 
Rate  of  seeding  -  2  lbs/acre. 

Green  Needlegrass  (Stipa  columbiana) 
Minimum  purity  85%;  minimum  germination  85%; 
Rate  of  seeding  -  2  lbs/acre. 

Big  Sagebrush  (Artemisia  tridentata) 
Minimum  purity  36%;  minimum  germination  70%; 
Rate  of  seeding  -  1  lb/acre. 

Fourwing  Saltbush  (Atriplex  canescens) 
Minimum  purity  70%;   minimum  germination  75%; 
Rate  of  seeding  -  1  lb/acre. 

By  reseeding  the  powerline  right-of-way  (950  acres)  directly  after  construc- 
tion, establishment  of  a  vegetative  cover  would  take  an  estimated  3  years 
versus  tens  of  years  for  natural  vegetation. 

FISH  AND  WILDLIFE 

COLONY'S  COMMITMENTS 

Colony  has  stated  its  intent  to  conduct  construction  activities  to  the  maximum 
extent  possible,  during  those  periods  least  disruptive  to  the  critical  periods  of 
breeding,  nesting,  and  propagation  of  those  wildlife  populations  involved.    The 
primary  species  of  concern  are:     bear,  mountain  lion,  peregrine  falcon,  eagle, 
elk,  and  deer . 

Mitigating  measures  to  reduce  the  impact  of  an  oil  spill  to  fish  and  aquatic 

populations  will  require  the  immediate  implementation  of  the  spill  contingency 

plan. 
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MITIGATION 
Towers  along  the  powerline  right-of-way  will  have  perches  for  raptors  to 
use  during  hunting  and  nesting . 

The  proposed  powerline  will  be  constructed  so  that  the  conductor  spacings 
will  be  at  least  20  feet  which  makes  it  impossible  for  phase-to-phase  or 
phase-to-ground  contact  by  large  raptors .    This  measure  could  prevent 
electrocution  of  the  estimated  24  wintering  bald  eagles  and  12  nesting  pairs 
of  golden  eagles  known  to  be  in  the  general  area  (5)  . 

Appropriate  screening  devices  will  be  installed  to  protect  fish  resources  in 
the  Colorado  River  (4)  .    Colony  will  consult  with  the  Colorado  Division  of 
Wildlife  when  designing  roads  to  insure  adequate  protective  measures  are 
included  in  the  road  design. 

Many  of  the  mitigations  committed  by  Colony  in  other  components  of  this  chapter, 
i.e.,  soils  and  vegetation,  will  also  mitigate  adverse  effects  to  wildlife,  partic- 
ularly habitat  for  wildlife.    After  the  20-year  plant  life,  revegetation  of  all 
disturbed  areas  would  re-establish  much  of  the  original  wildlife  habitat  that 
was  disturbed  or  destroyed  during  the  operation  of  the  plant. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

Many  of  the  mitigating  measures  in  the  soil  and  vegetation  sections  of  this 
chapter  have  direct  mitigating  actions  which  would  in  some  way  reduce  the 
impact  on  the  wildlife  habitat.    The  reseeding  of  the  proposed  powerline  and 
pipeline  rights-of-way  would  directly  mitigate  1,175  acres  for  the  pipeline 
and  950  acres  for  the  powerline  rights-of-way  of  wildlife  habitat.    This 
habitat  would  still  be  lost  while  vegetation  is  being  re-established  (3  years); 

however,  after  the  3-year  period  habitat  should  be  back  to  near  normal. 

The  BLM  has  consulted  with  the  Fish  and  Wildlife  Service  and  no  endangered 
species  will  be  affected  by  the  proposal.    The  Sikes  Act  of  1974  presently 

covers  the  Piceance  Creek  Basin  and  will  soon  cover  the  Roan  Creek  drainage. 
This  act  gives  the  BLM  authority  to  control  off-road  vehicle  use.    The  act 
also  makes  habitat  enhancement  monies  available.    This  area  includes  a  portion 
of  the  proposed  pipeline  route.    The  Piceance  Creek  Basin  and  Roan  Creek 
Habitat  Management  Plans  provide  guidance  for  minimizing  wildlife  habitat 
impacts  resulting  from  energy  development. 
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Local  planning,  through  Colorado  House  Bill  (HB)   1041,  by  the  counties  can  be 
used  to  control  land  uses. 

Other  BLM  mitigating  measures  for  the  powerline  and  pipeline  are  as  follows: 

-  No  firearms  will  be  allowed  by  construction  workers .    This  will  elimi- 
nate much  of  the  poaching  problems  predicted  in  the  impact  section. 

-  All  new  access  made  during  the  construction  of  the  powerline  and  pipeline 
will  be  barricaded  to  prevent  wildlife  harassment  and  poaching . 

-  Construction  of  the  pipeline  and  powerline  will  not  be  conducted  during 
the  months  of  March  through  June.    This  would  avoid  the  nesting  of 
blue  grouse,  elk  calfing  and  deer  fawning  on  the  Roan  Plateau.    These 
dates  would  also  avoid  the  7  estimated  raptor  nests  along  the  pipeline 
and  the  12  estimated  eagle  nests  near  the  powerline  until  the  young  are 
older  and  more  tolerant  to  construction  activity. 

-  The  construction  of  the  pipeline  across  the  Colorado  River  will  be  done 
during  its  lowest  water  level,  usually  after  September.    This  will  reduce 
the  amount  of  silt,  scouring,  and  suspended  solids  made  by  the  construc- 
tion. 

Spawning  dates  for  the  humpback  sucker,  bonytail  chub,  humpback  chub,  and 
the  Colorado  squawfish  are  usually  mid-June  to  early  July.    The  pipeline  will 
be  constructed  after  September,  during  the  river's  lowest  level,  therefore, 
construction  will  not  interfere  with  the  above  endangered  fish  spawning. 

At  the  time  of  centerline  survey  of  the  proposed  pipeline  right-of-way,  close 
coordination  should  be  made  with  the  authorized  officer  to  avoid  crossing  the 
estimated  5  prairie  dog  towns  along  the  proposed  right-of-way. 

The  Oil  Spill  Contingency  Plan,  Appendix  1  of  this  FES,  has  a  total  action  plan 
if  an  oil  spill  should  occur .    Many  of  these  actions  are  direct  mitigations  which 
would  directly  affect  wildlife;   however,  short-term  impacts  from  an  oil  spill 
could  not  be  mitigated  by  the  contingency  plan .    Long-term  impacts  could  be 
very  effectively  mitigated  by  the  contingency  plan . 
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AESTHETICS 

COLONY'S  COMMITMENTS 

Public  Service  Company  of  Colorado  has  committed  to  Colony  the  following 
mitigations  for  the  powerline  right-of-way: 

-  Use  of  helicopters,  as  deemed  necessary  by  the  authorized  officer,  in 
highly  sensitive  ecosystems. 

-  Use  of  nonspecular  conductors  and  dull  galvanized  steel,  which  will 
reduce  the  visual  effect  of  reflection  . 

-  Selective  clearing  of  the  right-of-way  as  deemed  necessary  by  the  author- 
ized officer . 

-  Avoiding  the  notched  effect  of  right-of-way  clearing  by  taking  advantage 
of  open  spaces  or  clearings  to  give  an  undulating  effect. 

The  above  mitigating  measures  should  reduce  the  visual  and  aesthetic  impacts 
by  25  percent. 

Colony  has  made  the  commitment  to  shaping  of  the  shale  pile  to  blend  into  the 
existing  landscape. 

After  the  20-year  plant  life,  one  of  Colony's  alternatives  is  to  remove  the  struc- 
tures from  both  the  plant  and  mine  area,  and  Grand  Valley.    Colony's  present 
plans  are  to  restore  the  disturbed  locations  to  resemble  the  surrounding  undis- 
turbed areas,  including  the  Davis  Gulch  and  Middle  Fork  dams. 

Because  the  above  mitigating  measures  are  only  alternatives  and  details  such 
as  seeding  rates  are  very  sketchy,  it  is  impossible  to  place  a  percentage  reduc- 
tion of  visual  and  aesthetic  impacts. 
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FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

Mitigating  measures  discussed  under  vegetation  and  soils  of  this  chapter, 
particularly  along  the  pipeline  and  powerline  rights-of-way,  will  also  per- 
tain to  aesthetics  in  this  subcomponent.    It  is  estimated  that  these  mitigating 
measures  will  reduce  the  visual  intrusion  along  the  pipeline  by  15  percent 
over  a  5-year  period  and  55  percent  during  the  long-term  period  (20  years)  . 
These  mitigations  will  also  reduce  the  visual  impacts  of  the  powerline  rights- 
of-way  by  10  percent  short-term  (5  years)  ,  and  30  percent  long-term  (20 
years) . 

Other  Federal  mitigating  measures  directly  related  to  aesthetics  are  as 
follows: 

-  No  signs  or  advertising  devices  should  be  placed  on  the  rights-of-way 
except  those  authorized . 

-  All  structures  above  the  ground,  such  as  valves  along  the  pipeline,  will 
be  painted  a  color  to  blend  into  the  surrounding  environment,  or  should 
be  dull  galvanized  steel. 

-  The  visual  impact  of  all  poles,  buildings,  or  other  aboveground  structures 
along  the  powerline  right-of-way  will  be  minimized  by  utilizing  the  follow- 
ing mitigations: 

-  Painting  and  maintaining  poles  and  other  structures  with  a  color  that 
will  blend  into  the  surrounding  environment. 

-  Using  non -reflective  wire,  guy  wires,  and  conductors. 

-  The  straight-line  effect  will  be  minimized  by  "feathering"  edges,  as  ap- 
proved by  the  authorized  officer  during  construction . 
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-  Temporary  construction  buildings  will  only  be  allowed  within  the  right- 
of-way.    After  construction,  the  buildings  should  be  removed  and  any 
disturbance  made  should  be  rehabilitated  to  the  satisfaction  of  the 
authorized  officer . 

The  above  mitigations  should  reduce  the  aesthetic  impact  by  an  estimated  20 
percent  for  the  powerline  and  10  percent  for  the  pipeline  rights-of-way. 

RECREATION  RESOURCES 

COLONY'S  COMMITMENTS 

Colony  has  offered  no  specific  proposals  to  mitigate  impacts  on  resources 
caused  directly  or  indirectly  by  implementation  of  the  proposed  action . 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

Federal,  State,  and  local  governments  can  respond  to  needs  for  construction 
and  maintenance  of  such  facilities  as  public  pools,  municipal  parks,  picnic 
and  camp  sites,  and  ski  areas  within  the  constraints  of  land  use  capability 
and  available  funding.    Through  their  police  and  regulatory  powers,  they 
can  also  control  public  access  and  overuse  of  fragile  or  unique  publicly- 
owned  recreation  resources.    If  funding  would  be  available,  impacts  of 
recreation  resources  from  increased  population  could  be  mitigated . 

CULTURAL  VALUES 

COLONY'S  COMMITMENTS 

Colony  has  provided  an  archeological  and  historical  survey  of  its  private 
development  property.    If  any  new  sites  are  discovered  during  construction 
on  the  Dow  West  property,  service  corridors,  staging  area  or  planned  unit 
development  alternative  on  Battlement  Mesa,  they  will  be  investigated  by  a 
qualified  archeologist,  and  necessary  steps  will  be  taken  to  ensure  that  such 
areas  are  fully  evaluated  and  that  any  artifacts  discovered  are  properly 
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salvaged  and  protected.    During  pipeline  construction,  crew  foremen  will 
be  equipped  with  an  Archeological  Crew  Monitoring  Handbook  to  identify 
and  evaluate  archeological  sites. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

The  Antiquities  Act  of  1906  (34  Stat.  225,  16U.S.C.  431-433)  provides  for 
protection  of  historic  or  prehistoric  remains  on  Federal  lands,  by  making  it 
illegal  to  collect  archeological,  historic,  or  prehistoric  remains  on  Federal 
lands  without  a  permit  from  the  Federal  Government . 

The  National  Historic  Preservation  Act  of  1966  (80  Stat.  915,  16  U  .S.C  .  470- 
470m)  declares  a  national  policy  of  historic  preservation  including  the  encour- 
agement of  preservation  on  State  and  private  lands . 

Executive  Order  11593,  May  13,  1971,   (36  Federal  Register  8921)  in  further- 
ance of  the  purpose  and  policies  of  NEPA  and  the  aforementioned  acts,  asserts 
that  "the  Federal  Government  shall  provide  leadership  in  preserving,  restoring, 
and  maintaining  the  historic  and  cultural  environment  of  the  Nation" . 

The  Colorado  State  Antiquities  Act,  1973  (House  Bill  1569)  reserves  to  the 
state  of  Colorado  title  to  all  historical,  prehistorical,  and  archeological 

resources  in  all  lands,  rivers,  lakes,  reservoirs,  and  other  areas  owned 
by  the  state  or  any  of  its  political  subdivisions . 

Under  the  Colorado  Land  Use  Act  of  1974  (House  Bill  1041)  local  governments 
have  the  duty  to  identify,  designate,  and  administer  areas  and  activities  of 
state  interest  and  establish  minimum  criteria  for  the  administration  of  such 
areas  and  activities . 
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The  Archeological  and  Historical  Data  Conservation  Act  of  1974,  May  24,  1974 
(P.L.  93-291)  furthers  the  policy  set  forth  in  the  Act  entitled  "An  Act  to  provide 
for  the  preservation  of  historic  American  sites,  buildings,  objects,  and  anti- 
quities of  national  significance,  and  for  other  purposes",  approved  August  21, 
1935  (16  U  .S  .C .  461-467) ,  by  specifically  providing  for  the  preservation  of 
historical  and  archeological  data  (including  relics  and  specimens)  which 
might  otherwise  be  irreparably  lost  or  destroyed  as  the  result  of  (1)  flooding, 
the  building  of  access  roads,  the  erecton  of  workmen's  communities,  the 
relocation  of  railroads  and  highways,  and  other  alterations  of  the  terrain 
caused  by  the  construction  of  a  dam  by  any  agency  of  the  United  States,  or 
by  any  private  person  or  corporation  holding  a  license  issued  by  any  such 
agency  or  (2)  any  alteration  of  the  terrain  caused  as  a  result  of  any  Federal 
construction  project  or  Federally  licensed  project,  activity  or  program. 

Rights-of-way  or  other  projects  on  Federal  land  must  have  adequate  cultural 
clearance  performed  on  them  prior  to  the  commencement  of  any  construction 
activities . 

In  order  to  comply  with  the  provisions  of  Section  106  of  the  Historic  Preservation 
Act,  the  necessary  survey  must  be  at  least  an  intensive  survey;  reconnais- 
sance surveys  are  inadequate  for  assessment  of  cultural  site  potential  on 
proposed  action  areas .    A  Federal  antiquities  permit  is  required  for  surveys 
of  national  resource  lands  (BLM)  and  a  State  antiquities  permit  is  required 
for  surveys  of  State  lands .    Federal  permits  are  granted  only  by  the  Interior 
Consulting  Archeologist  in  Washington,  D.C.;  the  Office  of  the  State  Archeologist 
grants  State  permits . 

After  survey  completion,  National  Register  quality  cultural  resources  will  be 
determined,  in  consultation  with  the  State  Historic  Preservation  Officer  (SHPO) 
and  the  Secretary  of  Interior .    If  the  proposed  action  will  have  an  effect 
upon  either  existing  or  eligible  National  Register  properties,  the  Advisory 
Council  on  Histroical  Preservation  will  be  given  an  opportunity  to  comment 
per  36CFR  800. 
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Enforcement  of  the  aforementioned  laws  will  allow  for  avoidance  of  or  mitigation 
of  losses  of  cultural  resources  by  ensuring  that  they  are  located  and  evaluated 
prior  to  initiating  any  potentially  damaging  actions .    It  will  also  allow  a  deter- 
mination of  more  suitable  alternatives  to  prevent  destruction  of  cultural  resources, 

Construction  of  any  rights-of-way  across  Federal  land  will  cease  if  an  unknown 
archeological  or  palentological  zone  is  encountered  until  the  find  can  be 
properly  evaluated  by  an  archeologist  or  paleontologist  approved  by  the 
Federal  Government  and  re-routing  of  rights-of-way  or  salvage  operations 
conducted,  if  necessary. 

Primary  oil  spill  recovery  sites  will  not  be  located  within  the  boundaries 
of  Arches  National  Park  which  should  prevent  any  possible  damage  to 
cultural  sites  within  the  park . 

SOUND  LEVELS 

COLONY'S  COMMITMENTS 

In  order  to  comply  with  all  applicable  standards ,  Colony  has  stated  that  in 
the  operation  and  in  the  design  of  the  commercial  plant,  every  effort  will  be 
made  to  minimize  the  generation  of  sound  pressure  levels .    Whenever  economi- 
cally feasible,  the  quietest  equipment  will  be  purchased  and  incorporated  into 
the  plant  design .    In  the  event  it  is  necessary  to  utilize  equipment  which  gener- 
ates excessive  noise,  administrative  controls  will  be  applied  to  restrict  length 
of  time  employees  will  be  exposed  to  the  noise.    Additional  control  will  be  pro- 
vided by  the  use  of  personal  equipment  such  as  ear  muffs  and  plugs . 

Continued  monitoring  of  noise  will  be  accomplished  by  measuring  noise  levels 
at  appropriate  locations  throughout  the  plant  and  mine  complex.    In  addition, 
audiodosimeters  will  be  utilized  regularly  to  provide  a  measurement  of  employees 
noise  exposure.    This  monitoring  program  will  permit  rapid  identification  of 
noisy  areas  so  that  appropriate  control  measures  can  be  applied .    Periodic 
audiometric  examinations  of  employees  will  provide  additional  information  on 
the  effectiveness  of  control  measures .    Audiometric  examinations  will  be  given 
to  employees  before  they  are  exposed  to  in-plant  noise  levels . 
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During  blasting,  all  personnel  will  be  located  at  safe  distances  from  the  blast 
so  that  they  will  not  be  exposed  to  excessive  noise  levels. 

In  addition  to  keeping  the  noise  level  below  regulations,  the  above  mitigating 
measures  should  reduce  noise,  or  at  least  spot  high  noise  levels  to  avoid 
injury  to  plant  employees. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

The  Department  of  Labor,  Occupational  Safety  and  Health  Administration 
(29  CFR  900-2200)  provides  that  protection  against  exposure  to  noise  shall 
be  made  available  whenever  noise  exceeds  defined  levels  of  90  decibels  per 
hour  for  8  hours  per  day  to  115  decibels  per  hour  of  15-minute  duration  in  an 
8-hour  day. 

The  Colorado  Department  of  Health,  the  Colorado  Division  of  Mines,  and  the 
Garfield  County  Zoning  Resolution  Standards  prescribe  standards  that  are 
the  same  as  the  Federal  standards  mentioned  above. 

During  the  construction  of  the  pipeline  and  powerline  rights-of-way,  all 
vehicles  will  be  muffled  properly.    This  will  avoid  excessive  noise  to 
construction  workers. 

SURFACE  TRANSPORTATION  FACILITIES 

COLONY'S  COMMITMENTS 

Colony  proposes  to  upgrade  the  existing  road  up  Parachute  Creek  to  a  two- 
lane  paved  highway  designed  to  carry  industrial  traffic  at  maximum  speeds 
of  55  miles  per  hour .    Methods  will  be  worked  out  on  a  case-by-case  basis 
to  protect  the  road  and  integral  structures  from  damage  by  heavy  loads  antici- 
pated during  construction  of  the  plant  and  mine  complex .    Heaviest  incoming 
and  outgoing  shipments  will  be  by  rail  connection  to  the  Grand  Valley  staging 
area/terminal  facility. 
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Colony  is  also  working  with  the  Colorado  Department  of  Highways  on  design 
of  the  Grand  Valley  interchange  on  Interstate  70  to  accommodate  potential 
traffic  from  a  new  town  on  Battlement  Mesa.    Means  are  being  explored  to 
supplement  State  and  County  road  budgets  until  revenues  from  increased 
tax  base  become  available. 

FEDERAL,  STATE,  AND  LOCAL  REQUIREMENTS 

The  Interstate  Commerce  Commission  exercises  Federal  regulatory  control 
over  both  the  railroad  and  trucking  industries.    That  control  is  effective  on 
rates  and  franchises  but  provides  no  means  to  avoid  or  repair  damage  to 
transportation  systems.    Safety  to  drivers  is  regulated  under  CFR  Title  49, 
Parts  390-397;  hazardous  materials  are  regulated  under  CFR  Title  49,  Parts 
100-199.    Railroad  safety  is  regulated  under  the  Safety  Act  of  1970. 

The  Department  of  Transportation,  Office  of  Pipeline  Safety  Operations  &  Materials 
Transportation  Bureau,  prescribes  standards  for  pipeline  construction  which 
include  approved  procedures  for  crossing  existing  surface  transportation  routes. 

State  Highway  Departments  (Colorado  and  Utah)  regulate  size  and  configur- 
ation of  loads  permitted  on  State  highways.    The  Colorado  Public  Utilities 
Law,  Chapter  115,  regulates  all  transportation  systems  including  motor 
carrier  safety.    Rail  safety  is  regulated  and  rules  promulgated  under 
Authority  of  P. U.C.  Chapter  115. 

In  Utah,  the  Public  Service  Commission  regulates  safety  under  the  Utah 
Code  Annotated  in  1953.    This  includes  both  rail  and  motor  carriers. 

Impacts  will  be  mitigated  along  the  powerline  and/or  pipeline  rights-of-way 
by  the  following  mitigating  measures: 

-  All  existing  roads  used  for  construction  of  the  pipeline  and/or  power- 
line  should  be  maintained  during  construction  and  rehabilitated  into 
its  original  condition  before  construction.    Existing  roads  that  will  be 
used  for  maintenance  of  the  rights-of-way  will  be  continually  maintained 
in  good  condition      If  these  mitigations  are  implemented  for  the  power- 
line  and  pipeline  rights-of-way,  all  impacts  from  utilization  of  existing 
roads  during  construction  operations  should  be  mitigated. 
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CHAPTER  VI 

ADVERSE  EFFECTS  WHICH  CANNOT  BE  AVOIDED 
SHOULD  THE  PROPOSAL  BE  IMPLEMENTED 

AIR  QUALITY 

Implementation  of  the  project  will  have  an  unavoidable  adverse  effect  on 
air  quality  at  least  locally  and  to  a  lesser  extent  areawide.    Construction 
and  operation  of  the  project  will  increase  the  levels  of  S09,  NO    ,  CO,  total 
hydrocarbons,  and  particulate  matter  above  the  existing  ambient  conditions 
for  these  pollutants .    The  amount  of  increase  in  these  pollutants  cannot  be 
predicted  because  the  level  of  control  required  by  the  State  of  Colorado  will 
depend  upon  the  standards  and  technology  available  at  the  time  the  State 
issues  Colony  an  air  emission  permit.    Except  for  SO~,  annual  mean  con- 
centration level  predictions  for  most  pollutants  are  considerably  below  the 
existing  State  of  Colorado  and  Federal  standards.    Air  quality  degradation 
would  be  limited  to  the  standards  set  by  the  State  of  Colorado's  air  emission 
permit  for  the  Colony  plant.    The  air  quality  standards  applicable  at  the 
time  of  the  State  permit  would  be  either  met  or  the  State  would  make  a  specific 
modification  of  the  standards  through  the  process  of  allowing  Colony  a  variance 

WATER  RESOURCES 

Construction  of  the  Davis  Gulch  Dam  will  reduce  Parachute  Creek's  average 
annual  flow  of  13,793  acre-feet  near  the  town  of  Grand  Valley  by  approximately 
2.5  percent  or  345  acre-feet  per  year.    Some  additional  reduction  of  flow  will 
occur  as  a  result  of  springs  drying  up  on  the  Dow  West  property. 

The  projected  water  consumption  of  12.5  cfs  from  the  Colorado  River  would 
reduce  the  3,659  cfs  average  annual  flow  of  the  river  at  DeBeque  about 
9.9  cfs  or  0.34  percent. 
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ADVERSE  UNAVOIDABLE 

As  a  result  of  the  predicted  reduction  in  flow  of  the  Colorado  River,  salinity 
at  Hoover  Dam  is  predicted  to  increase  less  than  0.02  percent. 

Withdrawal  of  water  from  Green  Mountain  Reservoir  could  possibly  cause 
some  interference  with  power  generation  as  a  result  of  reduced  head. 

The  Middle  Fork  catchment  dam  will  moderate  fluctuations  in  downstream 
water  from  intense  runoff  events.    The  reduction  in  high  flow   (spring  run- 
off) will  reduce  the  beneficial  silt-flushing  action  of  the  stream,  in  turn 
reducing  the  quality  of  fish  habitat . 

Of  the  300  acre  feet  maximum  storage  200  or  less  acre  feet  will  be  maintained 
to  be  utilized  in  plant  operations,  further  reducing  the  total  flow  of  Parachute 
Creek.    The  actual  reduction  in  flow  of  Middle  Fork  is  not  known  since  the 
flow  could  be  augmented  from  water  being  piped  from  the  Colorado  River . 

Increased  sediment  loads  and  T.D.S.  levels  will  occur  in  streams  as  a  result 
of  construction  of  the  oil  shale  complex  and  the  related  support  facilities  on 
the  Dow  West  property,  Parachute  Creek  corridor,  Grand  Valley  powerline 
and  pipeline  construction.    Decreases  in  water  quality  as  a  result  of  construc- 
tion of  powerlines  and  pipelines  are  considered  short-term,  returning  to 
normal  in  a  few  years.    Decreases  in  water  quality  as  a  result  of  construction 
of  impervious  surfaces  are  considered  long-term,  lasting  as  long  as  struc- 
tures remain  in  place — 20  years  or  more.    Increased  sediment  loads  and  T.D.S. 
levels  in  streams  are  not  quantifiable.    Where  construction  activities  occur 
along  stream  channels  such  as  the  construction  of  the  pipeline  across  the 
Colorado  River,  the  mine  bench,  and  dams  and  roads  around  the  Middle  Fork 
of  Parachute  Creek,  these  increases  will  be  severe.    The  induced  increases 
as  a  result  of  construction  activities  should  be  temporary  in  nature,  decreasing 
after  completion  of  construction  activities. 
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WATER 

Increased  sediment  levels  and  T.D.S.  levels  will  increase  water  turbidity, 
change  water  temperature,  alkalinity,  and  available  oxygen  content,  in  turn 
disturbing  fish  habitat,  spawning  grounds,  and  directly  poisoning  fish  and 
other  aquatic  life. 

Spills  of  toxic  chemicals  such  as  shale  oil  and  ammonia  would  unavoidably 
decrease  water  quality,  possibly  killing  aquatic  life.    The  most  serious  effects 
of  spills  would  be  in  Parachute  Creek  and  the  Colorado  River  near  Moab,  Utah. 

Sudden  complete  failure  of  either  or  both  dams  would  cause  severe  flash  floods 
in  Parachute  Creek,  causing  unavoidable  damage  and  destruction  to  property 
all  the  way  to  its  confluence  with  the  Colorado  River 

Water  quality  may  be  slightly  degraded  within  the  Davis  Gulch  drainage  as 
a  result  of  runoff  from  processed  shale  embankments.  Slight  increases  in 
dissolved  solids,  heavy  metals,  and  pollutants  from  other  waste  products  to 
be  disposed  of  in  the  embankment  will  occur  in  runoff  water. 

Should  the  Davis  Gulch  catchment  dam  be  overtopped,  fail,  or  otherwise  cease 
to  function  as  a  barrier  to  surface  runoff  from  Davis  Gulch,  a  sudden  and 
possibly  severe  degradation  of  Parachute  Creek  and  possibly  the  Colorado 
River  water  would  unavoidably  occur,  resulting  in  poisoning  and  possibly 
death  to  aquatic  life  in  at  least  Parachute  Creek. 

Decisions  as  to  disposition  of  the  Davis  Gulch  Dam  have  not  been  made.    Never- 
theless, natural  erosion  will  occur  and  runoff  from  the  processed  shale  embank- 
ment could  cause  a  long-term  decrease  in  water  quality  in  Parachute  Creek 
and  the  Colorado  River.    Except  for  runoff  released  from  the  spillway  during 
intense  runoff  events,  all  of  the  potential  runoff  should  be  contained  behind 
the  Davis  Gulch  dam .    Studies  on  runoff  from  processed  shale  by  Metcalf  and 
Eddy  (summarized  in  Chapter  IV  in  the  section  on  Water  Quality  of  Davis  Gulch) 
have  shown  only  slightly  increased  levels  of  T.D.S.  over  those  found  in 
normal  runoff  from  Davis  Gulch. 
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Surface  subsidence,  it  if  occurs,  would  result  in  permanent  alteration  of 
aquifers,  spring  flows  and  streamflows .    Mining  along  with  subsidence 
not  severe  enough  to  be  reflected  on  the  surface,  will  disrupt  pre-existing 
groundwater  movement,  communications  between  aquifers  and  modification 
of  recharge  rates.    Dewatering  of  the  mine  through  drilling  of  wells  will 
constitute  a  depletion  of  the  existing  aquifer  above  the  mining  horizon, 
drying  up  the  springs  in  Davis  Gulch  and  Middle  Fork. 

In  conclusion,  water  quality  will  be  reduced  locally  especially  in  Davis  Gulch, 
Middle  Fork,  and  Parachute  Creek,  as  a  result  of  construction  activities.    Con- 
struction will  increase  sediment  loads  significantly  along  Middle  Fork,  Parachute 
Creek  and  at  the  Colorado  River  crossing .    Increases  will  also  occur  where 
construction  activities  are  farther  away  from  streams  as  a  result  of  runoff. 
These  increases  should  be  reduced  to  almost  preconstruction  levels  within  a 
few  growing  seasons  after  construction . 

Longer-term  increases  in  sediment  loads  and  T.D.S.  will  occur  as  a  result  of 
the  construction  of  permanent  structures  having  impervious  surfaces  by  creating 
more  and  faster  runoff.    These  effects  will  be  longer-term  for  at  least  the  life 
of  the  structures  (20  years  or  more)  . 

Increased  sediments  and  T.D.S.  will,  in  turn,  increase  water  turbidity,  change 
water  temperature,  alkalinity,  etc.    These  effects,  should  they  become  severe 
enough,  could  and  in  some  cases  will,  rise  above  the  threshold  level  of  injury 
to  aquatic  life. 

Disruption  of  the  stream  and  lowering  of  the  water  table  resulting  in  the 
•drying-up  of  springs  on  the  Dow  West  property  will  probably  occur  as  a 
result  of  mining,  decreasing  water  flow  into  Parachute  Creek.    Decreased 
water  flows  in  Parachute  Creek  and  the  Colorado  River  will  occur  as  a 
result  of  the  Davis  Gulch  Dam,  use  of  project  water,  and  the  drying-up  of 
streams.    Total  decreased  flows  on  an  average  annual  basis  would  amount  to 
about  420  acre-feet.    The  decreased  flow  could  slightly  increase  T.D.S.  in 
Parachute  Creek  and  the  Colorado  River. 
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Long-term  threats  to  degradation  of  water  quality  will  result  from  the  construc- 
tion of  Davis  Gulch  Dam  and  pollutants  that  will  be  found  in  the  processed  shale 
embankments.    Should  the  dam  be  overtopped,  removed,  or  otherwise  cease  to 
function  as  a  barrier  to  surface  runoff  from  Davis  Gulch,  sudden  massive 
degradation  of  Parachute  Creek  and  possibly  the  Colorado  River  will  occur . 
Accelerated  erosion  of  the  spent  shale  embankments,  with  accompanying 
sedimentation  downstream,  will  be  a  constant  threat. 


SOILS 


The  productivity  potential  of  approximately  4,000  acres  of  soil  will  be  either 
reduced  or  destroyed  as  a  result  of  construction  activities  and  the  resultant 
structures.    Table  IV-14  summarizes  the  proposed  surface  land  utilization. 

Surfaces  to  be  covered  by  structures,  including  roads,  buildings,  etc.,  aggre- 
gated will  amount  to  a  loss  of  potential  productivity  for  an  estimated  1, 100  acres 
excluding  the  processed  shale  embankment  of  800  acres. 

Approximately  200  acres  of  topsoil  included  in  the  processed  shale  disposal  area 
will  be  excavated,  stockpiled  and  placed  on  the  shale  embankment.    The  remain- 
ing 600  acres  will  be  lost  to  productivity  permanently.    Some  topsoil  where  exca- 
vations will  occur  for  the  shale  oil  processing  units,  shale  stockpiles,  roads,  etc. , 
will  be  excavated,  stockpiled  and  distributed  over  other  disturbed  areas  and  the 
processed  shale  embankment.    Colony  did  not  make  an  estimate  of  how  many  sur- 
face acres  would  be  recovered.    If  50  percent  could  be  recovered,  topsoil  loss 
would  be  reduced  by  300  or  400  acres.    Assuming  mitigating  measures  are  used, 
the  loss  of  topsoil  could  be  reduced  to  a  calculated  1,350  acres  for  lands  covered 
by  structures . 

Additional  soil  losses  will  occur  as  a  result  of  wind  and  water  erosion.    Produc- 
tivity for  vegetative  growth  will  be  reduced  as  a  result  of  mixing  nutrients 
and  microorganisms  as  a  result  of  handling. 
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What  will  happen  to  the  structures  at  the  end  of  their  usefulness  has  not  been 
determined.    Should  the  structures  be  removed,  at  least  some  of  the  topsoil 
will  regain  some  of  its  productive  potential.    Accelerated  wind  and  water 
erosion  will  occur  as  a  result  of  structural  disturbance  until  vegetation  is 
re-established . 

Assuming  mitigating  measures  for  the  pipeline  are  implemented,  very  little 
topsoil  loss  should  occur  as  a  result  of  pipeline  burial.    Some  losses  will 
occur  from  wind  and  water  erosion  as  a  result  of  vegetation  removal  and  dis- 
turbance.   Total  disturbance  to  the  topsoils  within  the  proposed  right-of-way 
should  be  moderate  with  recovery  to  near  original  productivity,  likely  within 
a  few  years  after  completion  of  construction. 

Disturbance  to  soils  within  the  powerline  rights-of-way  will  occur  on  as  little 
as  600  acres  or  as  much  as  950  acres,  depending  on  the  two  routes  chosen. 
The  two  longest  routes  will  be  discussed  here.    As  with  pipeline  construction, 
the  movement  of  construction  equipment  will  cause  changes  in  soil  structure, 
microorganisms,  moisture,  and  reduced  vegetation.    These  effects  will,  in  turn, 
increase  erosion  rates  from  wind  and  water.    A  calculated  132  acres  will  be 
covered  by  structures,  towers,  and  pads,  resulting  in  a  total  loss  of  topsoil. 
The  remaining  818  acres  will  be  disturbed  to  various  degrees  by  movement  of 
construction  equipment.    The  impacts  should  be  moderate  with  a  high  degree 
of  recovery  to  the  disturbed  areas  likely  within  a  few  years  after  completion 
of  construction . 

TOPOGRAPHY 

Approximately  1,217  acres  of  land  will  have  its  topographic  appearance  changed 
during  construction  of  the  plant  facilities.    Table  IV- 15  summarizes  the  topo- 
graphic acreage  disturbed  where  cuts  and  fills  of  40  or  more  vertical  feet  will 
occur.    The  cumulative  impacts  of  leveling,  cutting,  and  filling  will  be  most 
severe  where  the  construction  of  facilities  occurs  on  uneven  topography — mainly 
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the  mine  bench,  plant  site,  the  processed  shale  disposal  area,  catchment  dam, 
flood  control  dam,  and  access  road.    Mine  subsidence  would  cause  little  change 
in  the  appearance  of  the  topography.    Most  of  these  changes  will  be  permanent 
with  the  possible  exception  of  the  two  dams.    Possibly  the  dams  will  be  removed 
and  the  topography  reshaped  to  near  original  conditions  or  they  may  be  left  in 
place  permanently. 

MINERAL  RESOURCES 

The  mining  and  removal  of  oil  shale  cannot  be  avoided.    Oil  shale,  a  non- 
renewable mineral  commodity,  will  be  depleted .    Over  the  life  of  the  project 
(20  years)  an  estimated  440  million  tons  of  oil  shale,  containing  an  average 
of  35  gallons  of  oil  per  ton,  will  be  mined,  consumed,  and  lost  to  future  use. 
An  additional  180  million  tons  of  oil  shale  would  be  left  in  place  as  pillars  to 
prevent  surface  subsidence.    This  shale  will  not  be  recovered  by  future 
mining  and  would  be  an  adverse  impact. 

Approximately  200,  000  tons  of  alumina  which  occurs  with  the  oil  shale 
will  be  disposed  of  in  the  processed  shale  pile.    This  would  amount  to  4 
million  tons  of  alumina  over  a  20-year  period.    It  is  not  presently  economically 
feasible  to  recover  the  alumina  from  oil  shale.    The  same  is  true  with  the 
water-soluble  saline  minerals  halite  or  nahcolite.    About  4,000  tons  per 
year  or  80,000  tons  over  a  20-year  period  would  be  deposited  in  the  processed 
shale  pile. 

Approximately  92,000  cubic  yards  of  sand  and  gravel  will  be  consumed  in  the 
construction  of  facilities  for  the  proposed  project.    Additional  amounts  of  sand 
and  gravel  will  be  needed  to  support  the  facilities  of  an  induced  population  of 
4, 100  people.    It  is  not  known  if  aggregate  quality  sand  and  gravel  volumes  of 
this  magnitude  exist  in  the  Colorado  River  valley  in  the  vicinity  of  the  project. 
Possibly  much  of  the  material  will  be  shipped  into  the  area  by  rail.    The 
consumption  of  92,  000  cubic  yards  of  aggregate  will  be  a  loss  of  a  mineral 
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resource.    Sand  and  gravel  operations  along  the  Colorado  River  will  result  in 
disturbance  of  soil,  vegetation,  wildlife  habitat,  and  will  increase  turbidity, 
sediments,  and  T.D.S.  in  the  river.    Locations  of  possible  aggregate  sources 
have  not  been  determined . 

VEGETATION 

Table  IV- 16  aggregates  the  impacts  to  vegetation.    Approximately  11,650  acres 
of  vegetation  will  be  removed  during  construction  and  covered  by  structures 
for  the  life  of  these  structures  (20  years  or  longer)  .    The  estimated  380  acres 
needed  for  housing  for  the  induced  population  will  probably  be  affected  longer 
than  20  years. 

Approximately  80  acres  of  alfalfa  will  be  taken  from  production  (975  AUM's)  in 
the  Grand  Valley  area  due  to  construction  of  the  terminal  facilities  and  railroad 
spur.  Sagebrush,  greasewood,  or  alfalfa  will  be  removed  from  60  to  175  acres 
by  road  and  pipeline  construction  within  the  Parachute  Creek  service  corridor . 

Yellow  columbine  (endangered)  and  sullivantia  (threatened)  will  be  lost  as  a 
result  of  the  waterfalls  in  Davis  Gulch  and  Middle  Fork  being  dried-up. 

Increased  recreational  use  and  off-road  vehicle  use  by  the  induced  population 
will  cause  damage  and  destruction  to  vegetation . 

The  risks  of  wildfire  will  increase  as  a  result  of  the  proposed  project  and  the 
increased  number  of  people  induced  by  the  project.    Wildfire  in  the  long  run 
could  be  damaging  or  beneficial  depending  on  a  number  of  variables.    At  any 
rate,  wildfire  would  for  a  period  of  time  reduce  wildlife  habitat,  forage,  and 
decrease  ground  cover,  inducing  wind  and  water  erosion. 

In  the  event  of  a  break  in  the  shale  oil  pipeline  or  ammonia  pipeline,  damage 
to  vegetation  by  the  spills  would  be  unavoidable.    Damage  would  occur  through 
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coating  of  the  leaves  and  stems,  toxicity  to  the  root  systems  and  soil  steriliza- 
tion .    Oil  cannot  be  physically  removed  from  terrestrial  surfaces  without 
destruction  of  vegetation . 

Damage  to  vegetation  will  occur  in  Parachute  Creek  valley  service  corridor  if 
breaks  in  the  ammonia  pipeline  or  spills  of  sulfur  and  other  chemicals  occur  in 
transport  to  and  from  the  plant  site. 

Short-term  (3-hour)  concentration  levels  of  combined  S02  and  N02  may  rise 
above  the  threshold  injury  level  for  plants  at  least  once  per  year .    These 
concentrations  would  increase,  as  would  their  time  span,  in  years  of  more 
frequent  inversion  conditions. 

Mitigating  measures  should  hold  the  complete  removal  of  vegetation  within  the 
proposed  shale  oil  pipeline  to  194  acres.    Brush-beating  and  cutting  instead  of 
scraping  the  surface  for  physically  larger  communities  will  increase  recovery 
rates  of  the  natural  vegetation .    Seeding  will  reduce  the  time  it  would  normally 
take  for  natural  vegetation  to  occur .    Also  the  time  involved  in  the  loss  of  habitat, 
productivity  in  terms  of  forage,  and  soil-holding  protection  would,  in  turn,  be 
reduced  from  the  estimated  ten  years  to  three  years  for  grasses  and  shrubs. 

Aspen  and  conifers  will  take  a  decade  or  more  to  recover  while  pinyon-juniper 
areas  will  require  decades. 

Livestock  and  big  game  forage  amounting  to  85  AUM's  will  be  lost  within  the 
right-of-way  for  at  least  one  year.    Forage  will  increase  each  succeeding  year 
until  equivalent  productivity  has  been  reached  in  three  years.    Some  invasions 
of  noxious  plants  into  the  rights-of-way  is  likely. 

Between  600  and  1,  000  acres  of  various  types  of  vegetation  will  be  disturbed 
or  destroyed  during  powerline  construction.    Table  IX-7  shows  the  various 
types  that  will  be  disturbed  or  taken  out  of  production  for  seven  possible 
corridors.    Two  of  these  corridors  will  be  selected  for  construction. 
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Approximately  140  acres  of  vegetation  will  be  removed  for  as  long  as  the  towers 
remain  in  place  for  the  two  longest  routes.    An  additional  860  acres  of  various 
types  of  vegetation  will  be  disturbed  to  various  degrees  within  the  two  longest 
rights-of-way.    Construction  equipment  and  vehicles  will  crush  and  beat  down 
vegetation . 

FISH  AND  WILDLIFE 

Loss  of  wildlife  habitat,  for  20  years  or  more  on  approximately  1,650  acres 
covered  by  structures,  is  unavoidable.    Temporary  disturbance  of  an  additional 
2,000  acres  of  wildlife  habitat  involved  in  pipeline  and  powerline  rights-of-way 
is  also  unavoidable . 

Increased  human  population  will  also  increase  wildlife  losses  through  increased 
hunting,  trapping,  and  varmint  shooting.    Some  illegal  taking  of  game  is  also 
to  be  expected.    Vehicle  collisions  and  illegal  hunting  of  golden  eagles  could 
decrease  the  number  of  birds  found  in  Parachute  Creek  valley. 

Some  harassment  of  wildlife  species  by  members  of  the  increased  population  is 
unavoidable.    This  harassment  may  be  through  use  of  off-road  vehicles  and 
snowmobiles .    Wildlife  loss  or  harassment  by  pets  of  the  increased  population 
will  also  be  unavoidable. 

Air  pollutants  may  have  a  slight  effect  on  wildlife  though  the  impacts  of  tne  pre- 
dicted pollutant  concentration  levels  have  not  been  well  established . 

Some  fish  loss  will  occur  at  the  water  pipeline  intake  on  the  Colorado  River  at 
Grand  Valley. 

An  estimated  85  AUM's  of  forage  will  be  taken  out  of  production  for  one  year  as 
a  result  of  the  shale  oil  pipeline  construction.    Forage  should  return  to  near 
normal  within  three  years. 
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FISH  &  WILDLIFE 

Temporary  displacement  and  loss  of  burrowing  rodents  from  areas  disturbed 
by  pipeline  construction  cannot  be  avoided . 

Removal  of  vegetation  and  soil  disturbance  during  pipeline  construction  will 
unavoidably  increase  erosion  which  may,  on  a  short-term  basis,  interfere  with 
fish  egg  hatching  areas  in  Roan  Creek  in  Colorado  and  Kane  Springs  or  Mill 
creeks  in  Utah  and  the  Colorado  River  crossing  near  Moab . 

Oil  spills  into  the  Colorado  River  at  Moab  will  cause  some  adult  fish  mortality 
and  will  interfere  with  spawning  or  with  young  fish,  and  may  possibly  inter- 
fere with  bottom  feeders  such  as  the  humpback  sucker . 

Oil  spills  in  the  Moab  marsh  could  cause  losses  to  aquatic  birds  because  of  the 
coating  of  their  feathers  by  oil .    An  oil  spill  would  also  decrease  vegetation 
productivity  and  in  turn  decrease  wildlife  habitat. 

Noise  and  human  activity  around  the  plant  and  mine  complex  will  unavoidably 
frighten  wildlife  species  from  the  area.    This  is  especially  true  of  such  animals 
as  the  mountain  lion,  black  bear,  elk,  and  raptors  which  will  normally  avoid 
human  activity . 

Access  roads  and  mine  vent  openings  will  cause  loss  of  potential  peregrine 
falcon  nest  sites . 

Noise  and  dust  may  drive  songbirds  from  their  usual  territories  on  the  Roan 
Plateau  and  in  Parachute  Creek. 

Table  IV- 19  summarizes  the  potential  impacts  and  class  of  animal  possibly 
affected  as  a  result  of  the  Parachute  Creek  corridor,  including  roads.    An 
estimated  110  mule  deer  annually  could  be  killed  as  a  result  of  higher  traffic 
volume.    Some  additional  losses  to  wildlife,  especially  deer,  is  anticipated  as 
a  result  of  poaching  and  indiscriminate  killing . 

Loss  of  some  deer  winter  range,  between  60  and  175  acres  in  Parachute  Creek 
north  of  its  confluence  with  East  Fork,  because  of  the  construction  of  the  Roan 
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Plateau  access  road  is  also  unavoidable.    Additional  habitat  may  become  im- 
paired from  increased  human  use  and  industrialization  of  this  area.    This 
could  have  a  serious  impact  on  the  mule  deer  herd  which  is  dependent  on 
this  area. 

Even  though  physical  loss  of  wildlife  habitat  within  the  valley  area  is  not  sig- 
nificant, the  impairment  of  a  large  area  of  habitat  could  become  extremely 
significant.    With  increased  human  utilization  of  this  area,  it  is  possible  that 
the  deer  may  cease  to  utilize  the  remaining  habitat.    If  this  occurs,  the  deer 
population  may  move  to  the  Roan  Creek  area  causing  increased  competition, 
in  turn,  causing  a  reduction  in  base  herd  population. 

Removal  of  vegetation  by  construction  activities  along  Parachute  Creek  will 
unavoidably  increase  erosion  with  increased  silt,  sediment  loads,  and  T.D.S. 
levels.    This  could  result  in  increased  water  temperatures   (allowing  increase 
of  undesirable  blue-green  algae)  ,  loss  of  streambank  shelter  for  fish  (roots 
and  undercut  banks)  ,  and  loss  of  terrestrial  insects  as  food  for  fish  (by  the 
destruction  of  their  vegetative  habitat)  . 

The  construction  of  the  Middle  Fork  Dam  will  reduce  the  flooding  and  high  water 
flows  in  Parachute  Creek  which  in  turn  reduces  the  beneficial  silt-flushing  action 
of  the  stream  during  high  flows  and  may  unavoidably  reduce  the  quality  of  fish- 
spawning  grounds.    Insect  and  algae  composition  may  change  because  of  the 
lower  water  quality  (brought  about  through  siltation)  ,  reducing  available  fish 
food. 

Oil  spills  into  Parachute  Creek  or  Roan  Creek  would  cause  unavoidable  loss  of 
fish  life.    Based  on  toxicity  studies,  as  little  as  0.04  gallons  of  upgraded  shale 
oil  per  second  would  likely  kill  50  percent  of  the  rainbow  trout  in  Parachute 
Creek.    If  a  break  should  occur  in  the  ammonia  pipeline,  experiments  show  that 
an  ammonia  flow  equal  to  0.05  percent  of  the  flow  of  Parachute  Creek  will  kill  all 
organisms  in  five  minutes.    Using  an  average  seasonal  flow  in  Parachute  Creek 
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of  19  cfs,  this  would  amount  to  a  little  over  2.5  gallons  per  minute.    The  pipe- 
line is  capable  of  flowing  40  gallons  per  minute. 

If  contaminated  water  from  the  processed  shale  embankment  in  Davis  Gulch 
found  its  way  into  Parachute  Creek  by  a  break  in  the  dam,  loss  of  aquatic  life 
would  be  unavoidable.    Results  of  a  recent  study  show  that  zinc  can  kill  fish 
with  only  one-half  part  per  million.    Copper  and  lead  are  lethal  to  trout  at  the 
rate  of  10  to  20  parts  per  billion.    Silver  is  lethal  at  7  parts  per  billion.    Pro- 
cess water  from  Davis  Gulch  would  contain  from  1  to  5  parts  per  million  of 
these  metals.    Tolerances  of  the  endangered  species  (Colorado  squawfish, 
humpback  sucker,  and  humpback  chub)  found  in  the  Colorado  River  down- 
stream from  Grand  Valley  are  unknown. 

Approximately  26  AUM's  will  be  lost  to  productivity  for  as  long  as  the  towers 
remain  in  place  and  185  AUM's  will  be  removed  from  production  during  power- 
line  construction  for  the  two  longest  routes .    Productivity  potential  as  forage 
should  return  to  near  normal  within  three  years .    Other  impacts  on  wildlife 
as  a  result  of  construction  activities  are  similar  to  those  described  under  the 
shale  oil  pipeline. 

Locally  the  construction  and  operation  of  a  shale  oil  complex  will  reduce  wild- 
life populations,  especially  in  the  Parachute  Creek  valley,  on  the  Dow  West 
property,  and  wherever  the  induced  population  settles.    The  more  secretive 
animals,  generally  mountain  lion  and  bear,  will  be  driven  from  the  area  and 
probably  never  return.    Actual  loss  will  occur  by  harassment  from  human 
activity  including  poaching  and  indiscriminate  killing .    The  deer  herd  may 
leave  the  Parachute  Creek  area.    Construction  and  operations  of  the  power- 
lines  and  shale  oil  pipeline  aggregated  should  cause  slight  effects  to  wildlife 
populations.    The  construction  activity  is  transitory  and  wildlife  habitat 
should  return  to  a  productive  state  within  a  few  years . 
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AESTHETICS 

The  change  in  the  appearance  of  the  Parachute  Creek  canyon  and  the  Roan 
Plateau  due  to  construction  activities  and  mining  activities  cannot  be  avoided. 
The  cuts  in  the  walls  of  the  canyons  and  through  rock  formations  due  to  road 
construction,  mining  activity,  and  powerline  construction  will  be  permanent 
no  matter  what  measures  are  used  to  mitigate  the  action.    Dust  clouds  created 
by  many  construction  activities  will  be  an  unavoidable  temporary  aesthetic 
impact. 

The  change  in  configuration  and  appearance  of  Davis  Gulch  due  to  disposal  of 
the  processed  shale  cannot  be  avoided  as  the  disruption  and  diversion  of  the 
streams  and  falls  in  Davis  Gulch  and  Middle  Fork  canyon  can  also  not  be 
avoided . 

Man-made  structures  such  as  plant  buildings,  storage  tanks,  dams,  power- 
lines,  pumping  stations,  roads,  railroad  spurs,  loading  docks,  housing 
developments,  and  office  buildings  will  become  a  visual  intrusion  on  the 
landscape  along  with  retort  stacks,  water  vapor,  smoke  plumes,  and  dusty 
conditions . 

Odor  from  the  retorting  operation  will  be  unavoidable. 

Construction  of  the  194-mile-long  shale  oil  pipeline  and  of  the  powerlines  will 
leave  a  visual  scar  that  cannot  be  avoided  where  it  crosses  previously  undis- 
turbed terrain.    The  scar  will  diminish  in  time  through  revegetation  except 
where  changes  in  the  landform  occur  such  as  those  required  in  Corral  Canyon 
coming  off  the  Roan  Plateau  or  if  new  cuts  are  required  in  the  sandstone  forma- 
tions south  of  Moab.    New  cuts  through  timber  types  such  as  Douglas-fir,  aspen, 
or  pinyon-juniper  will  leave  unavoidable  scars  when  viewed  in  line.    Power- 
line  towers  will  be  visual  intrusions  which  cannot  be  avoided . 

The  quiet  solitude  of  the  Roan  Plateau  in  the  vicinity  of  the  plant  site  will  be 

unavoidably  changed  by  the  noise  and  activity  of  the  mining  and  retorting 

operations . 
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The  change  in  the  Roan  Plateau,  Parachute  Creek,  and  Grand  Valley  areas 
from  a  sparsely  inhabited  rural  setting  to  an  area  busy  with  industry  and 
human  activity  is  unavoidable . 

RECREATION  RESOURCES 

Colony's  proposed  project  will  increase  the  population  in  Mesa,  Garfield,  Rio 
Blanco,  Pitkin,  and  Eagle  counties  by  four  percent  of  4, 100  people  by  1985. 
Population  projections  for  the  five-county  area  by  1985  is  149,000  excluding 

other  oil  shale  development  in  the  area.    Most  of  the  induced  population  will 
settle  in  Garfield  County  in  the  vicinity  of  the  community  of  Grand  Valley . 
The  induced  population  will  intensify  recreation  demand,  causing  in  some  cases 
overcrowding  and  deterioration  of  existing  facilities  such  as  those  at  Rifle  Gap 
Reservoir,  the  White  River,  and  Grand  Mesa  National  Forests.    Increased  use 
of  ski  areas  such  as  Powder  horn  on  Grand  Mesa,  Sunlight  near  Glenwood  Springs, 
and  those  in  Aspen-Snowmass  area  will  occur.    It  is  possible  that  the  current 
ratio  of  overnight  use  versus  the  day  use  of  the  Aspen  and  Vail  resorts  will  tend 
toward  greater  day  use,  thereby  reducing  income  to  these  areas  from  overnight 
patrons . 

Some  loss  of  quality  recreation  experiences  for  such  things  as  hunting, 
camping,  fishing  hiking  and  backpacking  will  be    unavoidable  because  of 
population  increases.    This  would  also  unavoidable  reduce  the  quality  of 
a  wilderness  experience.    Although  the  impact  from  the  induced  population 
increase  added  by  Colony  will  not  be  great,  it  will  add  to  the  overall  trend 
created  by  the  normal  projected  population  increase. 

Construction  of  new  roads,  powerlines,  and  buried  pipelines  will  eliminate  some 
groves  of  trees  that  now  afford  opportunity  for  picnicking,  bird-watching  and 
other  recreational  activities . 

Visual  intrusions  such  as  the  roads,  smoke  and  steam  plumes,  will  degradate 
recreational  experiences  locally. 

Increased  use  of  off-road  vehicles  and  snowmobiling  will  contribute  to  the 
harassment  of  wildlife. 
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ADVERSE  UNAVOIDABLE 

CULTURAL  RESOURCES 

The  proposed  action  will  not  cause  an  unavoidable  loss  of  any  known  items 
of  historical,  archeological  or  paleontological  interest. 

Unavoidable  loss  of  the  historical  and  archeological  values  on  Colony's 
Battlement  Mesa  property  can  be  prevented  by  Colony's  commitment  to 
protection  of  historical  and  archeological  items.    Loss  of  archeological  values 
along  the  powerline  routes  can  be  prevented  by  mitigating  measures  if 
corridor  A  is  chosen.    Adverse  impacts  on  the  Escalante-Dominguez  trail 
crossing,  the  Unitah  Railroad  and  Wolfe  Ranch  historic  sites  can  also  be 
prevented  by  mitigating  measures  stipulated  in  the  right-of-way  permit. 

Surface  disturbance  associated  with  proposed  construction  operations  would 
damage  or  destroy  any  items  unknowingly  encountered  and/or  ignored. 
Positive  impact  in  the  form  of  scientific  benefits  could  also  come  from  any 
discovery  and  preservation  of  unknown  items . 

SOUND  LEVELS 

The  interruption  of  the  quiet  solitude  of  the  plateau  resulting  from  the  noisy 
conditions  created  by  activity  at  the  plant  and  mine  cannot  be  avoided .    Increased 
traffic  on  the  Parachute  Creek  road  and  the  highways  in  the  Grand  Valley  area 
will  cause  an  unavoidable  increase  in  the  noise  levels  as  will  increased  noise 
from  activity  at  the  Grand  Valley  staging  facilities  and  new  residences  and 
businesses. 

Plant  noise  levels  will  probably  cause  wildlife  to  move  to  other  locations.    Noise 
during  construction  of  the  pipelines  and  service  corridor,  especially  noise  from 
blasting  and  heavy  construction  equipment,  will  cause  some  wildlife  to  move  to 
other  locations,  at  least  temporarily.    Noise  from  increased  traffic  in  the  Parachute 
Creek  corridor  could  be  a  source  of  irritation  to  residents  of  the  valley. 
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Increased  traffic  on  all  transportation  networks  cannot  be  avoided .    Interstate 
70  and  secondary  roads  will  receive  increased  usage  from  trucking  needs 
generated  by  the  Colony  operation  as  well  as  increased  vehicle  travel  by  mine 
and  plant  workers  going  to  and  from  work,  and  new  residents  in  pursuit  of 
business  and  recreation.    The  Parachute  Creek  road  will  experience  a  heavy 
increase  in  usage. 

Up  to  2,000  workers  daily  will  be  traveling  the  Parachute  Creek  road  by  bus 
or  auto  during  the  peak  of  the  construction  years.    The  State  Department  of 
Highways  has  stated  that  none  of  the  State  or  County  roads  in  the  Grand  Valley 
area  are  designed  to  carry  heavy  industrial  traffic  and  that,  without  new  road 
construction  or  extensive  maintenance,  destruction  of  existing  roads  is  unavoid- 
able. 

Other  unavoidable  traffic-related  adverse  effects  will  include:    greater  frequency 
of  motor  vehicle  accidents  with  attendant  death,  injury,  and  property  damage; 
increased  death  loss  of  wild  and  domestic  animals;  and  lowered  air  and  noise 
quality . 

Heavy  truck  traffic  over  the  existing  county  roads  and  truck  trails  servicing 
the  Roan  Plateau  for  transporting  pipe  and  other  construction  activities  will 
cause  dusty  conditions  when  dry,  and  rutting  and  deep  tracks  when  the  soil 
is  wet. 

Another  unavoidable  effect  of  heavy  hauling  and  increased  traffic  will  be  more 
rapid  deterioration  of  roads,  bridges,  cattleguards,  and  culverts,  with  conse- 
quently higher  maintenance  costs . 

Temporary  inconvenience  and  poor  travel  conditions  caused  during  construc- 
tion of  such  facilities  as  the  Parachute  Creek  road,  new  roads  on  Battlement 
Mesa,  the  railroad  spur,  and  the  locations  where  pipelines  and  powerlines 
cross  existing  roads  are  unavoidable . 
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SOCIO-ECONOMIC  CONDITIONS 

Since  housing  will  likely  not  be  available  immediately  in  sufficient  quantities, 
two  major  adverse  impacts  will  result.    First,  the  shortage  of  housing  will 
force  some  of  the  incoming  population  to  accept  inferior  or  poor  quality 
housing.    Secondly,  the  increased  demand  for  housing  will  likely  increase 
housing  costs,  affecting  all  people  in  the  area.    While  the  impact  on  all  buyers 
will  be  negative,  a  capital  gains  situation  will  likely  generate  increased 
income  for  current  owners  who  sell  their  houses  and  leave  the  region. 

Mobile  home  parks  which  may  not  be  well  designed  and  maintained  will  also 
contribute  to  the  degradation  of  the  total  environment. 

During  the  construction  phase  the  impacts  will  be  focused  heavily  on  mobile 
home  parks  and  other  areas  where  campers  or  trailers  might  be  located.    As 
time  passes  the  impact  and  use  preferences  will  shift  to  permanent  single-family 
homes . 

Income  effects  will  generally  be  positive,  but  in  any  growth  or  boom  area  the 
poorer  and  disadvantaged  elements  of  the  population  suffer  since  their  oppor- 
tunities and  incomes  do  not  increase  with  the  rest  of  the  population.    Thus  a 
need  for  low-income  housing  for  the  elderly  and  other  disadvantaged  groups 
will  create  an  adverse  impact  on  those  affected  and  the  agencies  trying  to 
serve  them . 

Knowledge  of  a  growth  or  boom  situation  will  attract  new  people  from  outside 
the  region  seeking  employment.    Residents  lacking  adequate  training  or 
experience  will  be  unable  to  share  in  the  benefits  of  economic  growth.    Further, 
some  of  those  attracted  will  also  be  unemployable. 

The  impacts  of  the  increased  population  will  include  a  need  for  expansion  of 
infrastructure  systems.    Front-end  cost  for  expanding  infrastructure  require- 
ments will  place  a  burden  on  local  governments  and  taxpayers  until  revenue 
is  generated  by  the  increased  population. 
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A  time  lag  in  the  construction  of  schools,  health,  sewer,  water,  and  other 
facilities  is  expected .    Police  and  fire  protection  facilities  and  personnel  will 
also  be  extended  beyond  accepted  levels  of  capability.    As  a  result,  the  quality 
of  school  instruction,  police  and  fire  protection,  etc. ,  will  be  decreased  until 
adjustment  and  expansion  can  catch  up  with  needs. 

Since  present  sewer  and  water  facilities  in  the  smaller  municipalities  are  not 
adequate  to  handle  expected  populations,  adverse  impacts  will  likely  occur. 
These  may  include  use  of  low  quality  water  and  related  health  effects,  inade- 
quately treated  sewage  being  dumped  into  the  Colorado  River,  and  contamina- 
tion of  underground  aquifers.    With  increased  demands  for  housing  and  public 
facilities  and  services,  shortages  of  natural  gas  and  construction  materials  may 
occur . 

The  socio-political  nature  of  the  area  is  also  expected  to  change  somewhat  as 
new  people  with  different  values  and  concerns  in-migrate.    Some  people  will 
view  this  infusion  as  a  positive  change  while  others  will  consider  it  a  negative 
impact.    Regardless  of  the  point  of  view,  the  new  permanent  residents  will 
become  interested  in  the  local  and  regional  political  process.    Their  needs  and 
interests  may  differ  from  existing  views  about  schools  and  education,  taxation, 
planning,  and  other  governmental  issues. 

With  new  people  moving  into  the  region  facing  a  situation  of  shortages  in 
housing  and  public  services  and  possible  slow  acceptance  by  local  residents, 
the  wives  and  children  may  experience  some  frustration  and  boredom.    Likewise, 
some  of  the  new  immigrants  may  include  prostitutes  and  other  socially 
unacceptable  types.    The  combined  impact  could  mean  a  higher  level  of 
mental  illness,  alcoholism,  crime,  etc.    Due  to  time  lags  in  planning  and 
development  of  new  facilities  and  services,  existing  social  service  personnel 
will  be  unable  to  respond  to  the  growing  needs. 


VI-19 


CHAPTER 


VII 


CHAPTER  VII 

RELATIONSHIP   BETWEEN  LOCAL  SHORT-TERM  USES 

OF  MAN'S   ENVIRONMENT,    AND  THE  MAINTENANCE  AND 

ENHANCEMENT  OF  LONG-TERM  PRODUCTIVITY 

Development  of  the  Colony  oil  shale  project  would  result  in  the  introduction  of 
buildings,  dams,  roads,  vehicular  traffic,  transmission  lines  and  pipelines; 
areas  for  the  stockpiling  of  materials;  waste  shale  and  other  wastes;  noise 
and  air  pollution;   and  people  into  areas  which  are  essentially  uninhabited 
and  unaltered  by  man. 

The  short-term  development  and  use  of  this  region's  resources  for  20  years 
of  oil  shale  production  would  alter  the  long-term  productivity  of  the  natural 
resources  within  the  area.    Even  though  the  Colony  project  has  a  20-year 
stated  life,  it  should  be  viewed  in  the  light  that  it  is  a  pilot  project  and,  if 
successful,  may  open  the  way  for  other  larger-scale  oil  shale  projects  which 
could  have  a  significant  influence  on  the  overall  productivity  of  the  area  for 
periods  up  to  100  years. 

The  major  changes  will  occur  on  and  in  the  vicinity  of  the  Roan  Plateau  where 
the  plant  and  mine  will  be  located.    The  Roan  Plateau  will  be  transformed  from 
an  undeveloped  area  into  an  industrialized  complex  for  conversion  of  oil  shale 
into  an  upgraded  oil  product.    Construction  of  the  products  pipeline  will  create 
change  over  a  wider  area  but  the  effect  would  not  be  as  significant.    The 
Parachute  Creek  canyon,  with  roads  and  pipelines,  will  undergo  extensive 
changes  as  well.    Man's  presence  will  be  abundantly  evident.    Within  five  years 
after  project  initiation,  some  4,085  acres  will  have  been  disturbed  with  1,889 
of  these  acres  occupied  by  facilities  associated  with  the  project.    Man  himself 
will  become  more  numerous  with  a  population  increase  attributed  to  the  Colony 
operation  of  4, 100  in  Garfield  and  Mesa  counties    between  the  period  of  1970  - 
1985.    Employment  in  the  same  two-county  area  will  increase  by  about  2,  000 
by  1979  due  to  the  Colony  operation. 
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SHORT  vs.  LONG  TERM 

The  higher  regional  employment  will  bring  a  new  population,  and  possibly 
a  transient  set  of  values  in  contrast  to  present  values  of  stability  and 
permanence. 

AIR  QUALITY 

The  air  in  the  vicinity  of  the  proposed  Colony  development  is  essentially  free 
from  man-made  pollutants  from  local  sources.    Ground  level  concentrations 
will  rise  as  identified  in  the  section  on  Climate  and  Air  Quality  in  Chapter 
IV.  From  the  information  available  it  has  been  concluded  that  air  pollutants 
at  the  predicted  levels  will  have  a  slight  effect  on  vegetation,  wildlife, 
man-made  materials  and  man  himself.    Any  effects  of  air  pollutants  should 
cease  soon  after  the  shutdown  of  operations.    The  impacts  of  air  pollutants 
are  considered  short-term  with  no  effect  on  long-term  uses  of  involved  areas . 

WATER  RESOURCES 

The  plant  and  mine  operations  would  use  and  consume  an  estimated  9, 125 
acre-feet  of  water  per  year  from  the  Colorado  River .  Consumption  of  this 
water  will  preclude  its  use  for  recreation,  fish  and  wildlife,  a  diluent  of 
dissolved  solids,  and  for  agriculture.  Population  increases  associated  with 
the  project  will  utilize  an  estimated  820  acre-feet  of  water  annually  which 
will  eventually  be  partially  returned  to  the  Colorado  River  as  effluent  and 
made  available  for  other  uses  . 

This  water  use  will  continue  for  the  life  of  the  project  which  could  affect  the 
productivity  of  other  resources  within  the  projected  20-year  project  life. 

Even  with  tight  controls  to  avoid  or  minimize  water  contamination',  the  long- 
term  effects  of  industrialization  could  result  in  a  decline  in  water  quality. 
The  quality  of  the  water  will  decline  over  the  20-year  life  of  the  project  due 
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to  water  consumption,  sedimentation  and  possibly  contamination  from  indus- 
trial wastes .    A  slight  increase  in  salinity  with  time  will  occur  in  the  Colorado 
River  as  a  result  of  this  project. 

In  the  lower  Colorado  River,  salinity  has  not  reached  the  threshold  levels  that 
would  preclude  the  use  of  its  water  for  municipal,  industrial,  and  agricultural 
uses.    However,  some  impairment  of  these  uses  is  now  occurring,  and  future 
increases  in  salinity  could  increase  this  adverse  impact. 

The  discharge  and  recharge  of  groundwaters  will  probably  result  in  a  net 
reduction  on  the  long-term  productivity  of  subsurface  aquifers  above  the  mined 
zone.    This  would  lower  aquifer  pressure  and  water  levels,  thereby  decreasing 
the  flow  of  springs  presently  used  for  wildlife,  irrigation  and  stock- watering 
for  elevations  above  the  mined  area.    In  addition,  saline  water  may  move  into 
aquifers  that  now  are  fresh,  reducing  the  future  quality  of  groundwater  available 
for  human  and  agricultural  use.    These  effects  would  be  permanent.    How  much 
of  an  impact  this  would  cause  on  wildlife,  aquatic  life  and  human  life  is  not  known 
since  both  the  long-term  reduction  in  water  quality  and  quantity  from  the  Dow 
West  property  is  not  known . 

This  latter  condition  may  not  be  realized  for  some  time  since  underground  perco- 
lation of  water  and  resulting  water  migration  could  take  years  for  the  subsurface 
pressures  to  be  redistributed. 

In  the  short-term,  the  spent  shale  pile  will  contain  the  toxic  waste  above  the 
groundwater  and  the  Colorado  River  system .    In  the  long-term,  geologic  erosion 
will  gradually  erode  the  spent  shale  pile  causing  the  contained  toxic  waste  to 
migrate  through  the  groundwater  and  the  Colorado  River  System  potentially 
causing  toxic  impacts  on  human  and  biological  populations  dependent  upon  the 
river  system . 

SOILS 

Short-term  soil  productivity  would  be  lowered  on  2, 196  acres  of  land  disturbed 
by  construction  of  the  shale  oil  pipeline,  service  corridor  pipelines  and  power- 
lines. 
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Productivity  would  also  be  lowered  or  essentially  eliminated  on  1,889  acres 
covered  by  structures  such  as  mine  benches,  access  roads,  plant  and  mine 
facilities,  reservoirs,  waste  areas,  commercial  and  residential  sites  for 
20  years  or  more.    Re-establishment  of  topsoil  and  soil  productivity  will  be 
a  slow  process  due  to  the  arid  and  semiarid  climatic  conditions .    Where  the 
topsoil  is  disturbed  only,  productivity  will  return  in  a  period  of  years. 
Where  the  topsoil  has  been  removed  and  not  replaced,  generations  will  be 
needed  for  the  creation  of  new  topsoils  and  its  productivity  to  return. 

MINERAL  RESOURCES 

The  proposed  action  of  mining  a  60-foot  section  of  oil  shale  will  have  an 
adverse  effect  on  the  long-term  productivity  of  the  remaining  oil  shale  and 
associated  minerals  should  it  become  economically  feasible  to  recover  them 
at  some  future  date .    How  much  of  an  effect  will  depend  on  the  location  and 
grade  of  the  oil  shale  in  zones  above  and  below  the  proposed  mine  zone,  the 
type  of  mining  that  would  be  used  to  extract  the  oil  shale,  the  improved 
technology  in  retorting  and  upgrading  the  shale  oil,  economics,  and  other 
variables . 

VEGETATION 

Short  and  long-term  vegetative  productivity  would  be  affected  by  the  project. 
An  approximate  4,000  acres  of  vegetation  will  be  disturbed  by  the  project. 
Of  this  total,  an  estimated  1,650  acres  will  be  removed  for  the  life  of  the 
project  and  will  be  unavailable  for  habitat,  cover,  food,  and  soil  protection. 

The  vegetation  which  is  disturbed  by  construction  activities  will  require 
various  lengths  of  time  to  recover  to  its  former  productive  stage.    This  may 
be  3  years  or  more  in  the  arid  portions  of  the  pipeline  route  for  shrubs  and 
grasses .    Recovery  of  trees  will  take  one  or  more  decades  to  recover .    The 
disturbed  and  removed  vegetation  on  about  2,350  acres  will  begin  to  return 
in  the  growing  season  following  completion  of  construction  activities .    During 
this  period  vegetation  productivity  in  terms  of  forage,  habitat  and  soil-holding 
capacity  will  be  reduced  but  should  return  to  equivalent  productivity. 
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The  revegetation  of  the  processed  shale  embankment  will  mean  a  long,  gradual 
attempt  at  re-establishment  of  an  indigenous  plant  community  on  about  800  acres 
If  successful,  forage,  habitat,  and  soil-holding  capacity  should  return  to  an 
essentially  equivalent  state  for  the  total  800  acres. 

Vegetation  productivity  may  be  slightly  affected  by  plant  emissions  during  the 
operating  phase  of  the  plant  (20+  years)  but  should  return  to  its  original  pro- 
ductive state. 

After  the  Colony  operation  ceases   (20  years)  ,  and  assuming  other  industrial 
pollution  sources  have  not  reached  a  level  that  would  prevent  recovery,  vege- 
tation should  no  longer  be  affected. 

FISH  AND  WILDLIFE 

It  is  expected  that  the  short-term  development  of  oil  shale  resources  would 
reduce  the  long-term  productivity  of  the  area's  fish  and  wildlife  resources 
locally.    Animal  and  bird  species  living  in  the  vicinity  of  the  oil  shale  plant 
and  mine  complex  would  seek  new  water  sources  and  habitat.    The  wildlife 
displaced  from  the  1,650  acres  covered  by  structures  would  have  to  move 
into  new  areas  already  occupied  by  wildlife.    This  could  result  in  overcrowd- 
ing and  the  ensuing  competition  may  bring  about  a  reduction  in  numbers. 

Habitat  values  on  an  additional  2,000  acres  disturbed  during  construction  of 
access  roads,  pipeline,  and  powerlines  will  be  impaired.    Some  species  may 
be  temporarily  displaced  from  disturbed  areas.    Mule  deer  will  suffer  some 
loss  of  winter  range  in  Parachute  Creek  which  could  lead  to  a  reduction  of 
local  herd  numbers.    Secretive  species  such  as  mountain  lion,  black  bear, 
elk,  and  eagles  will  seek  more  remote  surroundings  and  may  be  reduced  in 
numbers  over  the  long  run  because  of  competition  with  other  species  or  mem- 
bers of  the  same  species. 
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The  increased  human  population  will  bring  about  increased  pressures  on 
wildlife  populations  through  harassment  by  humans  and  their  pets  and 
increased  hunting  and  fishing  pressure.    Increased  traffic  will  lead  to  more 
wildlife  fatalities  from  vehicle-wildlife  collisions  on  the  Parachute  Creek 
road  and  on  roads  and  highways  in  the  Grand  Valley  area. 

Endangered  fish  in  the  Colorado  River  should  not  be  adversely  affected  over 
short-term  or  long-term  periods  unless  an  accidental  discharge  or  spill  of 
toxic  material  damages  them  or  their  habitat .    Increased  fishing  pressure 
could  reduce  all  fish  numbers  over  the  long-term.    Assuming  a  reduction 
in  numbers  of  people,  fish  population  should  return  to  normal  unless  the 
numbers  in  certain  species  is  reduced  to  a  point  of  extinction . 

Once  development  ceases,  structures  removed,  and  restoration  is  completed, 
this  area  could  again  support  wildlife,  provided  adequate  habitat,  water 
sources,  and  winter  ranges  are  available. 

Surface  water  quantities  will  be  somewhat  reduced  on  the  Dow  West  property 
since  some  of  the  springs  will  have  been  dried  up .  It  is  also  uncertain  what 
the  quality  of  runoff  water  will  be  from  the  process  shale  embankment. 

Wildlife  should  return  to  the  disturbed  areas  after  forage  and  habitat  have  been 
restored  to  an  equivalent  state.    Some  reduction  in  numbers  of  animals  might 
occur  on  the  Dow  West  property  from  the  reduced  availability  of  water . 

AESTHETICS 

As  the  box  canyons  and  ridgetops  are  reshaped  to  fit  the  requirements  of  the 
mine-plant  complex,  and  rock  outcrops  are  cut  to  allow  burial  of  the  pipe- 
line, a  change  in  visual  aspect  will  occur.    The  industrial  plant  with  buildings, 
roads,  powerlines,  and  emissions  would  present  a  visual  intrusion  not  presently 
seen  on  or  near  the  Roan  Plateau .    This  lowering  of  the  aesthetic  quality  of  the 
area  would  continue  for  the  20-year  life  of  the  project. 
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The  establishment  of  the  oil  shale  complex  and  associated  facilities  would 
change  the  semi-remote  and  rural  character  of  the  Roan  Plateau,  Parachute 
Creek  valley,  and  the  Colorado  River  valley.    The  changes  in  topography 
and  scars  on  the  surface  of  the  cut  rocks  and  canyon  walls  would  remain 
permanently  even  if  the  industrial  complex  is  removed  at  the  end  of  the 
project. 

Cuts  made  for  the  pipeline  and  powerlines  would  remain  visible  for  long 
periods  of  time  and  revegetation  may  not  be  completed  even  by  the  end  of 
the  20-year  period  since  such  species  as  pinyon-juniper  have  a  very  slow 
growth  rate. 

The  aesthetic  quality  of  the  area  could  be  somewhat  restored  in  the  long-term 
after  the  life  of  the  project,  but  will  generally  be  of  a  lower  quality. 

RECREATION  RESOURCES 

Recreation  patterns  are  expected  to  change  over  the  20-year  period  and 
beyond  as  oil  shale  development  takes  place. 

The  present  recreation  resource  in  the  region  is  mainly  in  the  form  of  general 
outdoor  recreation.    If  population  increases  to  the  extent  that  overcrowding 
occurs,  recreation  activities  will  tend  to  shift  from  the  more  general  types 
such  as  hunting,  fishing,  and  camping  toward  those  activities  associated 
with  more  intensive  localized,  urban-oriented  recreation  facilities  such  as 
golf  courses,  tennis  courts,  playgrounds  and  swimming  pools. 

Change  in  the  extensive  rural  nature  of  the  area  to  a  more  industrialized 
character  will  have  an  adverse  effect  on  the  area  and  region's  long-term 
productivity  for  the  semi-primitive  type  of  outdoor  recreation. 

These  changes  in  recreation  patterns  necessary  to  accommodate  the  needs  of 
the  resident  population  will  reduce  the  outdoor  recreation  opportunities  for 
the  non-resident  population. 
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SOCIO-ECONOMIC  CONDITIONS 

The  evaluation  of  many  social  and  economic  effects,  both  short  and  long-term, 
depends  a  great  deal  on  the  personal  value  system  of  the  observer.    The 
Colony  oil  shale  operation  would  provide  about  2,052  new  jobs.    In  addition 
to  more  jobs,  average  income  is  expected  to  rise  substantially. 
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CHAPTER  VIII 
IRREVERSIBLE  AND  IRRETRIEVABLE  COMMITMENT  OF  RESOURCES 

MINERAL  RESOURCES 

The  major  commitment  of  resources  is  the  mining  and  consumption  of  440 
million  tons  of  oil  shale  over  the  20-year  life  expectancy  of  the  complex. 
There  will  be  another  180  million  tons  (which  is  40  percent  of  the  total) 
committed  to  pillars,  plus  an  undetermined  amount  economically  bound 
by  technical  recovery  limitations.    Also,  some  4  million  tons  of  alumina 
and  80,  000  tons  of  halite  and  nahcolite  associated  with  the  oil  shale  is 
considered  unrecoverable  at  this  time,  and  will  be  deposited  along  with  the 
spent  shale. 

The  production  of  oil  from  shale  requires  a  large  input  of  energy.    An  energy 
budget  is  presented  to  identify  the  comparative  ratio  of  input  to  output  by 
various  commodities . 

ENERGY  OUTPUT-INPUT  RATIO 

Data  from  the  proponent  indicate  the  following  energy  source  -  energy  use 
relationship  for  the  proposed  action  (Table  VIII- 1)  .    The  unit  used  for 
quantifying  thermal  energy  sources  and  uses  is  the  British  thermal  unit 
(Btu  -  usually  considered  as  that  amount  of  heat  required  to  raise  the 
temperature  of  one  pound  of  water  one  degree  Fahrenheit)  . 

The  irretrievable  commitment  of  energy  resources  can  be  identified  from 

these  data  as  the  process  electricity  and  the  process  heat  and  fuel  for 

g 
mobile  equipment.    Note  that  the  passed-through  waste  of  43.6  x  10    Btu/SD 

(Stream  Day)  is  not  treated  as  an  irretrievable  energy  resource  commitment 

since  this  energy  may  be  recoverable  at  some  later  date,  given  changes  in 

technology  and/or  economic  incentives. 
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TABLE  VIII-1 

ENERGY  SOURCE  -  ENERGY  USE  RELATIONSHIP 

(Units  =  10     Btu/Stream  Day) 


Source 


Use 


Raw  mine-mouth  shale  396.0 

Purchased  electricity  25.0 

Total  421.0 


Passed-through  waste  43.6 

Process  electricity  25.0 

Process  heat  &  fuel  for  mobile  equipment  75.2 

Saleable  products  277.2 

Total  421.0 


In  order  to  assess  the  Colony  project's  irretrievable  commitment  of  energy 
resources  relative  to  those  commitments  made  in  the  exploitation  of  alternative 
energy  sources,  ratios  of  net  energy  output  to  irretrievable  energy  inputs 
were  calculated  for  the  proposed  action  and  the  alternative  energy  sources . 

Irretrievable  energy  inputs  fall  into  two  general  categories: 

-  Category  1.    Those  energy  inputs  that  can  be  used  with  current 


technology  for  purposes  other  than  raw  energy  material  processing 
For  the  Colony  proje< 
fall  in  this  category. 


9 

For  the  Colony  project,  the  electricity  inputs  (25.0  x  10    Btu/SD) 


Category  2.    Those  energy  inputs  which,  given  current  technology, 
have  no  use  except  for  raw  energy  material  processing .    For  the 
Colony  project  the  processing  and  mobile  equipment  fuel  inputs 
(75.2  x  109  Btu/SD)  fall  in  this  category. 
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ENERGY  OUTPUT-INPUT 

Given  these  categories,  the  energy  output-input  ratio  can  take  on  two  distinct 
definitional  forms.    One  definition,  to  be  called  hereafter  the  alternative  use 
ratio,  compares  the  net  energy  output  only  to  those  inputs  from  Category  1 
above.    The  second  possible  definition,  hereafter  called  the  total  use  ratio, 
compares  the  same  net  energy  output  to  the  sum  total  of  those  inputs  from  both 
Categories  1  and  2  above. 

In  equational  form,  the  two  ratios  are  defined  as  follows: 

Alternative  Use  Ratio:    R    =  (G  -  P  -  (I    +  I   ))/I 

a  a       n        a 

Total  Use  Ratio:    R   =  (G  -  P  -  (I    +  I   ) )/  (I    +  I   ) 

t  a       n  a       n 

where:    R      =  Alternative  use  ratio 
a 

R      =  Total  use  ratio 

G      =  Gross  energy  in  raw  energy  material 

P      =  Unrecovered  energy  in  material  passed 
through  process  plant  as  waste 

I       =  Energy  inputs  that  have  alternative  uses 

I       =  Energy  inputs  that  have  no  use  other  than 
for  raw  energy  material  processing 

Note  that  the  numerator  term  (G  -  P  -  (I    +  I   ) )  is  the  same  for  both  ratios . 

an 

This  term  represents  the  net  energy  produced. 

The  total  use  ratio,  R  ,  measures  the  net  energy  produced  per  unit  of  total 
irretrievable  energy  resources  used  in  the  productive  process.    On  the  other 
hand,  the  alternative  use  ratio  measures  the  net  energy  produced  per  unit  of 
only  those  irretrievable  energy  inputs  that  currently  have  possible  alterna- 
tive uses. 

In  general,  it  is  expected  that  both  ratios  should  be  greater  than  zero  for  any 
energy  source.    This  means  that  in  the  transformation  from  the  natural  state, 
more  energy  is  produced  than  is  consumed.    It  should  be  stressed  that  in  this 
analysis  the  only  energy  inputs  accounted  for  are  those  directly  consumed  in 
the  transformation  process.    Due  to  the  lack  of  acceptable  data,  indirect 
energy  inputs  are  ignored.    For  example,  electricity  used  to  power  on-site 
equipment  is  treated  as  an  input,  but  electricity  used  to  make  the  steel 
required  for  transformation  facilities  is  not. 
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Table  VIII-2  represents  the  Btu  equivalents  of  the  energy  outputs  and  inputs 
considered  in  this  analysis   (1)  . 

TABLE  VIII-2 
ENERGY  CONVERSION  FACTORS 

Crude  oil  5.8       x  106  Btu/bbl 

Bituminous  coal  &  lignite  20.00     x  10     Btu/ton 

Natural  gas  1.031  x  103  Btu/cf 

Electrical  energy    (input)     (a)  10.379  x  103  Btu/kwh 

Electrical  energy    (output)     (b)  3.413  x  10     Btu/kwh 

Raw  oil  shale    (proponent's  figure)  6.0      x  10     Btu/ton 


(a)  Electrical  energy  (input)  has  been  converted  to  theoretical  energy 
inputs  calculated  from  national  heat  rates  for  fossil-fueled  steam - 
electric  plants  as  provided  by  the  Federal  Power  Commission. 

(b)  Electrical  energy  (output)  is  the  mean  physical  equivalent,  disregard- 
ing any  thermal  losses  in  conversion. 

Table 

Table  VIII-3  develops  the  energy  output-input  ratios  for  the  proposed  action 

TABLE  VIII-3 

ENERGY  OUTPUT-INPUT  RATIOS   -  COLONY  PROJECT    (2) 
g 
(Units:      10     Btu/SD  unless  otherwise  noted) 

G      =  66.0  x   103  short  tons/SD  x  6.0  x   106  Btu/ton   =  396.0 

P       =  43.6 

I        =  100  x   103  kilowatts  x  24  hrs  x   10.4  Btu/kwh     =     25.0 

I        =  75.2 

n 

R      =    (G  -  P  -    (I     +  I   ))/I_ 
a  ana 


=    (396.0  -  43.6  -    (25.0  +  75.2))/25.0  =     10.1/1.0 

=    (G-P-    (Ia  +  In))/da  +  In) 

+    (396.0  -  43.6  -    (25.0  +  75.2) )/  {25.0  +  75.2)      =       2.5/1.0 
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The  value  of  the  alternative  use  ratio,  R   ,  is  10.1  to  1.0.    This  means  that  for 

a 

every  unit  input  of  irretrievable  energy  that  has  an  alternative  use,  10.1  units 
of  energy  are  produced. 

The  value  of  the  total  use  ratio,  R  ,  is  2.5  to  1.0.    This  means  that  for  every 
2.5  units  of  energy  produced,  1.0  unit  of  energy  is  irretrievably  consumed. 

Note  that  these  ratios  were  computed  at  the  beginning  of  the  pipeline.    The 
energy  required  to  transport  the  oil  through  the  pipeline  was  not  included, 
in  order  to  keep  the  ratios  on  the  same  terms  as  those  following  for  coal  and 
crude  oil  -  natural  gas,  which  do  not  include  any  energy  inputs  for  trans- 
portation . 

To  place  these  ratios  in  perspective,  similar  calculations  were  made  for  other 
energy  sources  including  coal,  crude  oil,  and  natural  gas.    The  ratios  in 
the  following  table  (Table  VIII-4)  are  based  on  recent  studies  conducted  by 
the  Colorado  Energy  Research  Institute.    Note  that  these  comparative  ratios 
do  not  include  any  energy  inputs  for  transportation  of  energy  products . 
This  is  consistent  with  the  previous  energy  analysis  of  the  proposed  action. 
Note  further  that  the  coal  ratios  do  not  include  any  energy  inputs  for 
desulfurization .    These  imputs  should  be  included  if  the  coal  ratios  are  to 
be  strictly  compared  with  the  ratios  associated  with  the  proposed  action. 
The  inclusion  of  desulfurization  energy  inputs  would  correspondingly 
reduce  the  coal  ratios . 

Other  things  remaining  equal,  the  comparison  of  the  alternative  use  ratio  for 
the  proposed  action  to  the  ratio  for  coal  indicates  that  for  every  one  Btu  input 
approximately  17  times  as  much  energy  can  be  produced  from  the  coal  sources. 
A  similar  comparison  indicates  that  one  Btu  will  produce  approximately  9  times 
as  much  energy  from  crude  oil  or  about  13  times  as  much  energy  from  natural  gas. 

Comparing  the  total  use  ratio  for  the  proposed  action  to  the  total  use  ratios 
for  the  traditional  sources  indicates  that  one  Btu  input  will  produce  approximately 
71  times  as  much  energy  from  coal,  approximately  13  times  as  much  energy  from 
crude  oil,  and  approximately  6  times  as  much  energy  from  natural  gas. 
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TABLE  VIII-4 
ENERGY  OUTPUT/INPUT  RATIO:     TRADITIONAL  SOURCES 

(Unit:     Btu) 


Variable  1/ 


Coal  2/ 


Crude  Oil  3/ 


Natural  Gas  4/ 


G 

P 

I 
n 

R 

a 

R. 


2. Ox  1(T 

,lxlO! 

176.6/1.0 
176.6/1.0 


l.Ox  KT 
13.85  x  10( 
17.82  x  10( 
87.1/1.0 
33.3/1.0 


l.Ox  10J 
7.32  x  106 

56.47  x  10( 
127.0/1.0 

14.6/1.0 


1/   As  defined  previously. 

2/   Ratios  calculated  at  rail  loading  point;  ratios  do  not  include  mining 

extraction  losses .    Inputs  do  not  include  any  energy  for  desulfurization 
3/    Ratios  calculated  at  fuel  oil  exit  from  refinery;   ratios  do  not  include 

reservoir  extraction  losses . 
4/   Ratios  calculated  at  exit  of  gas  liquids  plant. 

SOURCE;     Net  Energy  Analysis,  Colorado  Energy  Research  Institute, 
April,  1976. 


The  following  summarizes  the  total  quantities  of  irretrievable  mineral  resources 
used  in  construction,  operation,  and  maintenance  of  the  Colony  complex  over 
the  20-year  plant  life. 


Concrete 

Steel  (Reinforcement,  Hwd.) 

Electric  power 

Fuel 

Oil  shale 


110,000  cubic  yards 
44,000  tons 

15  billion  kwh 
540  trillion  Btu 
400  million  tons 
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All  concrete,  which  includes  aggregate,  is  considered  irretrievable.    Struc- 
tural steel  and  other  metals  used  for  building  structures  are  considered 
retrievable  for  reuse  and  are  not  included  in  the  above  estimate. 

WATER  RESOURCES 

There  will  be  9, 125  acre-feet  of  water  consumed  annually  in  the  mining,  pro- 
cessing, and  waste  disposal.    It  will  require  approximately  820  acre-feet  of 
municipal  water  for  the  population  increase.    The  water  that  will  be  withdrawn 
from  the  old  aquifers  for  use  in  the  plant  is  considered  irreversible.    The 
waterfall  in  Middle  Fork  has  already  been  destroyed  by  the  construction  of 
the  plant  access  road .    Part  of  the  Middle  Fork  of  Parachute  Creek  has  been 
placed  in  a  culvert;  therefore,  it  is  no  longer  a  free-flowing  stream.    The 
waterfall  in  Davis  Gulch  will  be  destroyed  as  soon  as  the  dam  is  constructed . 
The  intermittent  stream  will  be  diverted  from  its  natural  channel  into  a 
system  that  will  be  permanent  and  will  alter  its  present  natural  state. 

Davis  Gulch  will  eventually  be  changed  in  topography.    Approximately  800 
acres  will  be  reshaped  by  the  processed  shale  disposal  pile.    This  will  per- 
manently alter  the  water  flows,  runoff  patterns,  and  water  table. 

CULTURAL  RESOURCES 

Any  destruction  or  removal  of  archeological  historical  or  paleontological 
values  would  be  irreversible  and  irretrievable.    No  impacts  on  such  have 
been  identified  in  the  project  area,  but  three  archeological  sites  are  located 
near  one  of  the  powerline  alternatives  and  two  historical  sites  and  thirteen 
archeological  sites  have  been  identified  on  Colony's  Battlement  Mesa 
property  where  a  planned  community  could  be  developed  as  an  alternative 
to  induce  population  distribution. 

AESTHETIC  RESOURCES 

The  present  natural  state  of  the  area  would  be  irreversibly  and  irretrevably 
committed  to  change.    The  change  would  be  one  to  industrialization  which, 
for  all  intents,  cannot  be  reversed  once  it  occurs.    The  cuts  and  fills,  dam 
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and  roads  would  be  permanent  irreversible  commitments.    Some  of  the  outstand- 
ing areas  that  will  be  disturbed  are  the  cliffs  in  the  Middle  Fork  canyon.    The 
cliff  faces  will  be  marred  by  mine  vent  openings  and  the  plant  access  road. 
The  waterfall  in  Davis  Gulch  will  be  removed .    The  Middle  Fork  Creek  canyon 
waterfall  has  already  been  removed .    The  semi-wilderness  aspect  of  the 
Middle  Fork  Creek  canyon,  above  the  semi-works  plant,  will  be  changed  due 
to  the  dam  and  placing  of  the  stream  in  a  culvert. 

The  wilderness  aspects  of  some  of  the  proposed  powerline  routes  will  be 
destroyed  when  the  towers  are  constructed . 

The  Parachute  Creek  canyon  will  be  changed  from  a  quiet,  rural  area  with 
widely  scattered  ranch  houses  to  a  noisy,  industrial  corridor,  with  utilities 
and  pipelines  and  large  amounts  of  traffic .    Grand  Valley  will  change  from  a 
small,  peaceful,  rural  community  to  a  larger,  bustling  railhead  and  adminis- 
trative complex . 

TOPOGRAPHIC  RESOURCES 

Approximately  3,000  surface-acres  would  be  disturbed  by  the  plant-mine 
service  corridors  and  staging  facilities.    Topographic  changes  at  the  plant 
and  mine  will  be  caused  by  underground  mine  openings,  mine  benches, 
water  diversions,  excavations  for  plant  facilities,  and  processed  shale  dis- 
posal areas.    Mining,  surface  excavations,  and  surface  disposal  of  processed 
shale  would  cause  permanent  irreversible  changes  in  topography. 

VEGETATIVE  RESOURCES 

If  any  conifer  forests  are  eliminated  along  the  pipeline,  this  would  be  an 
irreversible  loss.    The  conifers  are  growing  on  very  marginal  sites  and 
natural  reproduction  is  almost  non-existent.    This  amounts  to  about  25 
acres. 
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The  escape  of  toxic  metals  in  the  water  system  in  quantities  lethal  to  the  endan- 
gered fish  in  the  Colorado  River  might  cause  permanent  loss  of  these  species. 
Terrestrial  habitat  for  numerous  wildlife  species  will  be  lost  for  at  least  the 
20-year  life  of  the  project.    This  amounts  to  approximately  3,  000  acres. 

HUMAN  RESOURCES 

The  large  amount  of  manpower  that  will  be  consumed  by  this  project  is  irre- 
trievable.   There  will  also  be  some  loss  of  human  life.    Such  items  as  traffic 
accidents  and  mine-related  accidents  will  probably  claim  most  of  the  lives 
that  are  lost.    The  residents  of  Grand  Valley,  Parachute  Creek,  and  the  sur- 
rounding vicinity  will  undergo  a  change  in  their  traditional  life  styles.    They 
will  no  longer  enjoy  the  quiet,  slow-paced  life  they  presently  have.    Life  will 
consist  of  many  new  neighbors,  higher  populations,  and  fast-paced  living 
conditions. 

LAND  USE 

The  alteration  of  microclimates  will  change  the  vegetative  communities  and 
will  cause  changes  in  land  use,  especially  by  wildlife. 

The  Grand  Valley  facilities  will  cover  approximately  100  acres.    These  lands 
will  not  be  used  for  agriculture,  which  is  the  present  use,  in  the  foreseeable 
future.    Since  the  exact  location  of  the  facilities  is  not  known,  the  exact  types 
of  present  uses  that  will  be  precluded  is  not  known.    These  facilities  will 
probably  remain  in  use  even  after  Colony  is  through  with  them.    Other  firms 
would  probably  utilize  the  facilities.    Housing,  public  facilities,  etc. ,  will 
probably  require  550  to  600  acres.    These  lands  will  remain  in  this  type  of 
use  through  the  foreseeable  future. 
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CHAPTER  IX 
ALTERNATIVES 

There  are  several  no-action  alternatives  that  could  occur .    Since  there 
are  three  separate  Federal  Government  actions,  each  one  could  be  a  no- 
action  alternative .    Colony  could  have  a  no-action  alternative  also .    Each 
of  the  four  no-action  alternatives  will  be  discussed  in  this  section  as  well 
as  the  resulting  ramifications . 

FEDERAL  DENIAL  OF  PIPELINE  R-O-W 

Bureau  of  Land  Management  denial  of  the  pipeline  right-of-way  application 
may  or  may  not  preclude  development  of  an  oil  shale  complex  on  the  Dow 
West  property.    Without  approval,  an  oil  shale  complex  similar  to  the  one 
now  planned  on  the  Dow  West  property  might  be  expected,  with  the  difference 
being  an  alternative  method  of  transporting  the  shale  oil,  which  has  impli- 
cations affecting  more  than  just  the  pipeline.    Use  of  unit  trains  or  trucks 
are  two  possibilities.    Should  an  oil  shale  complex  be  developed  as  planned, 
the  impacts  of  the  plant,  mine,  and  service  corridor  would  remain  the  same 
as  previously  discussed.    However,  environmental  impacts  associated 
with  construction  of  the  proposed  products  pipeline  would  not  occur .    It 
is  unlikely  that  a  satisfactory  products  pipeline  route  could  be  found  that 
did  not  cross  national  resource  lands  at  some  point.    The  environmental 
impacts  associated  with  alternatives  to  a  products  pipeline  are  discussed 
under  transportation  modes  in  this  chapter . 

The  denial  of  a  permit  to  cross  the  Colorado  River  with  the  proposed  pipeline 
would  eliminate  Lisbon  Station  as  a  destination  point.    The  impacts  of  alter- 
native pipeline  routes  are  analyzed  under  pipeline  routes  in  this  chapter. 

A  denial  of  the  proposed  water  service  contract  for  water  from  Green 
Mountain  Reservoir  would  force  Colony  to  obtain  water  from  other  sources . 
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The  various  alternate  water  sources  and  their  impacts  are  analyzed  under 
water  sources  in  this  chapter . 

COLONY'S  NO-ACTION  DECISION 

Another  condition  that  is  possible  without  a  pipeline  right-of-way  is  that  no 
oil  shale  complex  would  be  developed  on  the  Dow  West  property.    No  mining 
activity,  retorting  and  upgrading  facilities,  service  corridors,  pipeline 
construction,  etc.,  would,  of  course,  preclude  environmental  impacts 
associated  with  these  types  of  actions  that  have  not  already  been  initiated . 
The  products  that  could  be  produced  at  the  proposed  plant  would  be  less 
than  1  percent  of  the  total  daily  consumption  in  1980  for  the  entire  United 
States  .    Therefore,  the  impact  of  no  oil  produced  by  Colony  would  not 
be  significant.    The  economic  loss  to  Colony  could  be  substantial,  considering 
the  investments  which  they  have  made  in  preparation  for  this  venture. 

Since  part  of  the  access  road  from  Parachute  Creek  to  the  mine  and  plant 
sites  is  under  construction,  various  impacts  are  presently  occurring.    These 
impacts  are  degradation  of  aesthetic  values,  increased  soil  erosion,  loss  of 
vegetative  production,  and  disruption  of  wildlife,  all  of  which  are  discussed 
in  Chapter  IV  (Impacts)  .    With  the  exception  of  the  access  road  as  discussed 
above,  impacts  to  air,  water,  and  wildlife  would  not  occur  because  of 
Colony's  no-action  decision. 

The  possibility  of  gaining  knowledge  of  oil  shale  recovery,  processing,  and 
environmental  protection  would  be  lost  as  experience  would  not  be  available 
without  the  first  attempt.    This  is  discussed  in  further  detail  under  the  delay 
development  section  in  this  chapter . 

DELAY  DEVELOPMENT 

A  delay  in  the  development  of  the  proposed  action  could  be  by  either  Govern- 
mental or  Colony  action.    In  fact,  on  October  4,  1974,  Colony  announced  an 
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indefinite  delay  in  its  schedule.    This  delay  was  due  to  economic  reasons.    A 
delay  could  have  some  beneficial  aspects. 

There  is  no  commercial  oil  shale  operation  in  the  United  States.    Colony's 
planned  operation  is,  therefore,  a  first  generation  or  a  pioneering  venture 
in  oil  shale  development.    Second  generation  operations  are  often  more 
successful  than  pioneer  developments.    The  reasons  for  this  are  many,  but 
relate  directly  to  the  greater  amounts  of  technical  and  operating  data, 
proven  mining  and  processing  systems,  environmental  controls  and  pro- 
cedures, availability  of  specialized  equipment,  and  the  possible  availability 
of  trained  personnel.    Thus,  it  is  usually  more  advantageous  to  wait  and 
observe  development  by  a  pioneer  company  before  making  a  commitment  to 
proceed  with  future  development.    For  the  scale  of  operations  required  for 
oil  shale  development,  this  waiting  period  could  exceed  a  decade  or  more 
as  was  the  case  in  a  similar  undertaking  involving  the  attempted  develop- 
ment of  tar  sands  in  Canada . 

Conversely,  the  argument  can  be  made  that  someone  must  take  a  first  step 
in  a  pioneer  industry  such  as  oil  shale  development.    Colony  believes  that 
its  processes  which  have  been  developed  over  the  years  are  advanced 
enough  for  the  commercial  development  of  oil  shale.    News  releases  in  1974 
by  Colony  stated  that  with  a  base  price  of  $11 .  15  per  barrel  of  oil  its 
operation  would  be  economically  feasible. 

Monitoring  Colony's  proposal  through  development  will  possibly  give  the 
Federal,  State,  local  governments,  and  private  industry  a  chance  to 
determine  if  its  proposals  are,  in  fact,  adequate  from  the  standpoint  of 
environmental  protection,  mining,  and  processing  systems.    In  any  case, 
the  more  technical  and  operating  data  gained  from  Colony's  operations 
should  be  useful  in  future  oil  shale  development,  both  on  Federal  and 
private  lands. 
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The  impacts  of  other  energy  resource  developments  in  comparison  with  oil 
shale  development  have  been  evaluated  in  the  USDI  Final  Environmental 
Statement  for  the  Prototype  Oil  Shale  Leasing  Program  that  was  published 
in  1973  (1)  .    A  more  recent  analysis  of  energy  alternatives  is  given  in  the 
1975  report  entitled  Energy  Alternatives.     A  Comparative  Analysis,  by  the 
Science  and  Public  Policy  Program,  University  of  Oklahoma.    This  study 
considers  various  alternative  sources  of  energy  in  the  light  of  practicality, 
present  technological  state-of-the  art,  future  directions,  cost-effectiveness 
and  environmental  impacts. 

MINING  METHODS 

The  proposed  room-and-pillar  mining  method  was  discussed  in  Chapter  II. 
There  are  other  mining  methods  that  might  be  applicable  on  the  Dow  West 
property  having  various  impacts  on  the  environment  and  utilization  of  the 
oil  shale  resource.    Mining  methods,  such  as  open  pit  and  block-caving, 
are  not  considered  because  of  their  extreme  environmental  degradation  and 
their  offer  of  no  offsetting  economic  or  resource  oriented  benefits. 

The  various  mining  methods  are  briefly  described  below . 

LONGWALL  MINING  METHOD 

Normally,  most  sedimentary  ore  bodies  that  can  be  mined  with  the  room-and-pillar 
mining  method  can  be  extracted  by  the  longwall  method.    Theoretically, 
this  is  true  for  the  Dow  West  ore  body.    Its  60-foot  thickness  would  require 
development  of  special  supports,  mining  equipment,  and  techniques  which 
would  take  many  years  of  research  mining .    This  method  consists  of  mining 
a  straight  face  for  80  yards  or  more,  allowing  the  mined-out  space  to  subside 
in  a  controlled  manner.    From  80  to  90  percent  recovery  is  possible  with  this 
method . 

IMPACTS 


Surface  subsidence  would  occur.  It  is  impossible  to  predict  the  extent  of 
subsidence  but  it  would  be  enough  to  alter  aquifers  and  possibly,  though 
not  probably,  surface  water  flows. 
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The  impacts  of  subsidence  on  both  surface  and  subsurface  hydrology  are 
discussed  in  Chapter  IV.    When  subsidence  occurred  it  could  make  the  zones 
above  and  below  the  mined  section  unrecoverable,  especially  with  today's 
mining  techniques. 

Twenty  to  thirty  percent  more  of  the  shale  would  be  extracted  with  this  method 
than  the  proposed  room-and-pillar  method.    The  longwall  method  would 
increase  all  of  the  impacts  of  shale  disposal,  which  are  analyzed  in  Chapter  IV. 

With  the  alteration  of  surface  flow  and  aquifers,  impacts  on  both  terrestrial 

and  aquatic  wildlife  would  occur.     Depending  on  the  degree  of  subsi- 
dence and  disruption  of  normal  water  flows.    Any  changes  in  water  flows 
will  adversely  affect  the  aquatic  life  downstream .    The  degree  of  impact 
could  range  from  negligible  to  total  destruction.    The  impact  of  altered 
water  flows  on  terrestrial  wildlife  will  not  be  as  great  as  that  on  aquatic 
life.    The  terrestrial  animals  are  able  to  move  to  a  new  water  source.    When 
they  do  move  they  will  be  subject  to  other  impacts  such  as  overcrowding, 
overuse  of  forage,  and  increased  travelling  distances  between  food  and  water. 
The  overall  impact  on  terrestrial  wildlife  would  be  moderate. 

Altered  water  flows,  especially  surface,  would  have  a  major  impact  on 
vegetation.    Plants  are  very  sensitive  to  water  and  have  strict  requirements. 
Therefore,  any  changes  in  water  will  cause  definite  changes  in  the  vegetation. 
These  vegetative  changes  will  also  cause  impacts  on  the  wildlife  species 
of  the  area.    The  foraging  patterns  will  change  as  the  vegetative  types 
change.    This  could  cause  the  wildlife  to  move  and  be  subject  to  over- 
crowding, lack  of  adequate  habitat,  etc. 

A  beneficial  impact  of  this  mining  method  would  be  the  increased  oil  shale 
recovery  (20  to  30  percent  more)  from  the  same  mining  zone  when  compared  to 
the  proposed  room-and-pillar  method. 
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SUB-LEVEL  STOPING 

This  method  employs  blasting  techniques,  several  of  which  are  feasible. 
One  calls  for  a  series  of  long  blast  holes  being  drilled  from  a  central 
drift,  much  like  the  spokes  of  a  wheel.    The  holes-are  charged  and  blasted. 
The  broken  rock  is  removed  through  drifts  underneath  the  mining  zone. 
The  recovery  potential  for  this  type  is  between  80  and  90  percent,  which  is 
considerably  higher  than  the  proposed  method . 

IMPACTS 

This  method  of  mining  may  provide  greater  safety  for  workers  when  compared 
to  the  proposed  room-and-pillar  method.    Surface  subsidence  will  definitely 
occur  due  to  the  more  complete  removal  of  the  mining  zone  (2)  .    This  subsidence 
will  affect  surface  water  flows,  vegetation,  and  wildlife  as  previously  described. 
Recovery  of  oil  shale  from  above  and  below  the  mined  zone  would  be  impossible 
with  present  mining  techniques. 

Aquifers  would  be  interrupted  and  possibly  destroyed  due  to  the  large 
zone  of  ore  that  would  be  removed.    Since  the  ore  would  be  withdrawn 
from  underneath  the  mining  zone,  large  amounts  of  waste  rock  would  be 
generated.    Most  of  this  rock  would  result  from  construction  of  drifts 
used  for  ore  removal.    If  the  shale  oil  values  were  high  enough,  this 
waste  rock  could  be  retorted,  if  not  then  if  would  be  placed  in  a  waste 
pile .    This  will  increase  all  of  the  impacts  of  retorting  and  waste  disposal 
and  analyzed  in  Chapter  IV . 

CONTINUOUS  MINING 

The  probable  direction  which  oil  shale  mining  will  take  in  the  long  term  is  a 
method  which  can  utilize  continuous  mining  machines.    The  machines  have 
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not  yet  been  developed  but  increasing  knowledge  of  oil  shale  character- 
istics indicate  that  they  probably  will  be.    Its  first  application  will  probably 
be  an  adaptation  of  room -and -pillar  mining. 

IMPACTS 

Between  80  and  90  percent  ore  extraction  will  be  possible.    Less  equipment 
will  be  needed  in  the  overall  mining  scheme.    Greater  safety  for  miners 
will  also  result.    The  effects  of  surface  subsidence,  as  previously  described, 
are  also  applicable  for  this  method.    Subsidence,  even  to  a  small  degree, 
will  interrupt  aquifer  flows.    Twenty  to  thirty  percent  more  processed  shale 
would  have  to  be  disposed  of  which  will  increase  the  impact  of  waste  disposal. 

IN  SITU  PROCESSING 

In  situ,  or  in  place,  processing  of  oil  shale  could  be  accomplished  by  passing 
retorting  fluids  such  as  hot  natural  gas  or  superheated  steam  through  drill 
hole(s)  from  the  surface  into  vertically  or  horizontally  fractured  shale,  causing 
combustion  to  occur  within  the  shale  formation.    The  in-place  retorted  product 
(shale  oil)  is  then  passed  through  the  fractured  shale,  by  various  methods, 
to  the  surface.    Although  a  commercial  in  situ  processing  system  has  not 
yet  been  demonstrated,  a  number  of  field-scale  experiments  have  been  conducted 
by  government  and  industry  during  the  past  20  years.    The  method  presently 
most  apt  to  be  developed  to  commercial  practice  is  referred  to  as  modified 
in  situ  processing  whereby  an  underground  retorting  chamber  is  prepared 
and  filled  with  shale  rubble  by  use  of  conventional  mining  methods.    The 
shale  is  then  heated  by  combustion  starting  at  the  top  of  the  column . 
Occidental  Oil  Shale  Inc.  has  developed  and  tested  this  method  of  retorting. 


A  preliminary  draft  of  the  Potential  Future  Role  of  Shale  Oil,  prepared 
by  the  Interior  Oil  Shale  Task  Force  (3)  ,  indicates  that  in  situ  technology  is 
believed  to  be  several  years  behind  conventional  above-ground  retorting .    Table 
IX- 1  summarizes  their  research  on  development  status. 
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TABLE  IX-1 
DEVELOPMENT  STATUS  OF  THE  OIL  SHALE  INDUSTRY  (3) 


PROCESS 


STATUS 


EST.  YEARS  FOR 
COMMERCIAL  USE 


Sinclair  Oil  Company 


Nuclear  Fracturing 

Paraho 

Equity  Oil  Company 


Shell  Oil  Company 


Mobil  Oil  Company 


Occidental  Petroleum 
(Garrett  Research) 


Preliminary  field  experiments         Unknown 
conducted  and  apparently  re- 
turned to  laboratory  for  addi- 
tional development 


4-10  years 

5-15  years 
4-10  years 


Concept  for  demonstration 
scale  operation  has  been 
prepared 

Early  stages  of  research 

Field  tests  have  been  con- 
ducted .     Although  data  to 
assess  state  of  technology 
not  publicly  available, 
industry  does  not  seem 
anxious  to  proceed 


Preliminary  field  experiments         Unknown 
conducted  and  apparently  re- 
turned to  laboratory  for  addi- 
tional development 

Preliminary  field  experiments         Unknown 
conducted  and  apparently  re- 
turned to  laboratory  for  addi- 
tional development 

Field  tests  are  being  conducted       3-5  years 
on  scale  of  5,000  to  10,000  tons 
per  unit 
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In  situ  processing  may  be  considered  both  a  mining  and  retorting  method. 
A  purely  in  situ  process  would  produce  no  processed   (mined)  shale  to  be 
disposed  of,  whereas  a  modified  in  situ  process  such  as  Occidental's  would 
require  some  underground  mining   (about  20  percent  of  the  volume  retorted)  . 
The  amount  of  material  to  be  mined,  and  possibly  wasted,  would  be  about 
80  percent  less  than  most  underground  mining  methods.    The  wasted  material 
would  resemble  natural  talus  and  its  disposal  would  not  have  a  severe  impact 
on  the  visual  or  aesthetic  qualities  of  the  area. 

Less  water  consumption  would  be  required  of  in  situ  processing  than  above 
ground  retorting .    Aquifers  above  and  below  the  shale  bed  will  require  water 
control  and  extensive  dewatering .    Also,  the  chance  for  pollution  or  alteration 
of  groundwater  aquifers  is  quite  high  with  the  in  situ  method.    Another 
problem  concerning  groundwater  centers  around  the  large  quantities  of 
burned  shale  which  will  be  left  underground  indefinitely  and  the  prevention 
of  its  soluble  minerals  from  entering  the  groundwater  system.    Experimentation 
is  presently  being  conducted  on  methods  of  avoiding  or  minimizing  these  impacts. 

The  impacts  of  this  process  on  vegetation  and  wildlife  would  be  considerably 
less  than  the  proposed  action,  as  less  surface  acres  would  be  required. 
The  mine  bench  would  probably  be  the  same  size  as  for  the  proposed  action, 
but  an  in  situ  operation  would  not  require  a  retort  complex  (about  160  acres)  , 
shale  disposal  site  (800  acres)  ,  conveyor  routes   (80  acres)  ,  ore  storage 
(15  acres) ,  and  diversion  and  flood  control  dams  (108  acres)  .    Subsidence 
would  probably  not  occur,  but  if  it  does,  the  degree  would  be  so  slight 
that  it  would  probably  be  insignificant  on  the  surface. 

The  impacts  upon  air  quality  would  be  somewhat  less  than  for  the  proposed  actior 
Fewer  air  emissions  would  result  from  less  traffic  connected  with  shale  trans- 
port and  disposal.    A  major  emission,  however,  would  occur  from  the  large 
amount  of  off-gas  that  must  be  disposed  of  by  venting  to  the  atmosphere 
during  retort  operation.    The  retort  off-gas  composition  will  vary  somewhat 
in  accordance  with  several  retorting  parameters  but  will  contain  combustible 
hydrocarbons,  carbon  monoxide,  and  some  sulfur  compounds   (4)  .    It  has 
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been  estimated  by  EPA  that  a  commercial  in  situ  retorting  operation  would  emit 
roughly  the  same  amount  of  stack  gas  as  that  from  a  1,  000  megawatt  oil-fired 
electric  generating  plant,  burning  35,000  barrels  per  day  of  one  percent 
sulfur  residual  fuel  oil  (4)  . 

The  in  situ  process  would  have  a  shale  oil  recovery  rate  very  similar  to 
that  of  the  proposed  action .    Depending  upon  the  type  of  in  situ  process 
used,  the  required  employment  would  probably  be  less  than  for  conventional 
mining .    This  would  result  in  a  decrease  of  impacts  associated  with  population 
increases.    However,  until  the  process  becomes  perfected  and  the  extent 
of  modified  in  situ  development  becomes  known,  the  total  work  force  which 
would  be  involved  in  a  commerical  operation  is  unknown . 

PLANT  SITES 

CANYON  BOTTOM  SITE 

The  first  location  evaluated  was  at  the  confluence  of  the  Middle  and  East 
Middle  forks  of  Parachute  Creek  (Figure  IX-1)  .    This  plant  site  would  be 
in  the  narrow  canyon  bottom .    Steep  cliffs  rise  almost  vertically  for  nearly 
2,  000  feet  on  both  sides  of  the  canyon. 

IMPACTS 

Studies  have  shown  that  the  general  area  is  conducive  to  inversions  in  the 
valley  areas  (5)  .    These  inversions  occur  over  50  percent  of  the  time  in  the 
fall  and  winter  seasons  and  last  for  periods  of  3  to  5  days .    With  the  above 
conditions,  the  impacts  on  air  quality  would  be  major.    All  of  the  pollutants 
would  be  trapped  in  Parachute  Creek  canyon  for  extended  periods. 

There  is  a  strong  possibility  that  under  inversion  conditions  the  N02,  CH., 
and  particulate  emission  levels  would  exceed  State  standards  (6)  .    With  these 
high  concentrations  of  pollutants  the  impacts  on  humans,  vegetation,  wildlife, 
and  aesthetics  would  be  severe.    A  detailed  discussion  of  the  adverse  effects 
from  various  air  emissions  are  analyzed  in  Chapter  IV . 
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FIGURE  IX-1 
CANYON  BOTTOM  AND  DERE  CABIN  RIDGE  ALTERNATIVE  PLANT  SITES 
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The  drainage  area  above  this  plant  site  would  be  approximately  45  square 
miles.    Due  to  the  high  intensity  summer  storms  and  possible  high  spring 
runoff,  considerable  water  control  and  diversion  structures  would  be 
necessary.    It  would  require  at  least  two  dams,  one  in  each  major  drainage, 
larger  than  the  proposed  Middle  Fork  Dam  which  occupies  36  acres.    There- 
fore, at  least  100  acres  of  vegetation  and  soil  would  be  destroyed.    The 
vegetation  is  part  of  a  critical  deer  winter  range.    Since  the  soils  would  be 
disturbed  or  buried,  there  would  be  a  large  increase  in  erosion  and  T.D.S. 

The  aquatic  wildlife  would  be  eliminated  downstream  if  not  by  the  degradation 
of  water  quality,  then  by  the  vastly  decreased  water  flow.    Terrestrial 
wildlife  would  be  eliminated  from  the  canyons  due  to  the  loss  of  habitat 
ingredients  such  as  vegetation  and  natural  water  flows.    The  aesthetics 
of  the  canyons  would  be  completely  destroyed  by  the  construction  of  the 
water  control  structures   (dams)  and  loss  of  vegetation. 

The  canyon  sides  and  cliffs  would  have  to  be  sloped,  scaled,  and  benched 
to  protect  the  area  from  rock  falls  (5) .    This  action  would  also  add  to  the 
degradation  of  the  aesthetics  for  many  generations. 

DERE  CABIN  RIDGE  SITE 

The  second  plant  location  considered  was  on  Dere  Cabin  Ridge  (Figure  IX-1)  . 

IMPACTS 

Lack  of  usable  surface  on  the  Dow  West  property  precluded  this  site.    A 
parcel  of  Federal  land  is  very  close  and  the  plant  could  not  be  constructed 
without  infringing  on  the  Federal  land .    Other  impacts  on  the  environment 
resulting  from  a  plant  on  the  Dere  Cabin  site  would  be  essentially  the  same 
as  at  the  proposed  location  (5)  . 

PLANT  CONFIGURATION 

Various  retorting  and  upgrading  complex  schemes  other  than  the  one  proposed 
on  the  Dow  West  property  are  technically  possible.    The  following  discussion 

LX-12 


PLANT  CONFIGURATION 

includes  some  of  the  various  combinations  or  schemes  that  may  be  technically- 
possible,  but  may  not  be  economically  feasible.  The  parameters  used  for  the 
discussion  revolve  around  environmental  questions  only. 

OFF-SITE  REFINERY 

The  upgrading  units  proposed  for  the  Dow  West  property  could  be  constructed 
off  site,  possibly  in  the  general  vicinity  or  elsewhere  such  as  the  market 
area  where  the  shale  oil  would  be  used.    This  considers  the  retorting  units 
remaining  on  the  Dow  West  properties  in  order  to  eliminate  transportation 
of  the  raw  shale . 

IMPACTS 

The  elimination  of  the  upgrading  units  at  the  plant  site  would  eliminate  a 
major  portion  of  air  emissions  from  the  plant  site,  but  these  emissions  would 
occur  wherever  the  refinery  was  located .    The  amount  of  reduction  in  air 
emissions  on  the  Dow  West  property  is  shown  below: 


so2 

14  percent  or 

18  Kgm/hr 

NO 

X 

8  percent  or 

58  Kgm/hr 

Particulates 

3  percent  or 

10  Kgm/hr 

Hydrocarbons 

1  percent  or 

2  Kgm/hr 

Carbon  Monoxide 

23  percent  or 

7  Kgm/hr 

An  estimated  43  percent  (2,400  gpm  or  1,935  acre-feet)  reduction  in  the  amount 
of  local  water  consumption  would  result  from  the  elimination  of  the  upgrading 
units.    However,  if  the  refinery  were  located  at  Grand  Valley,  then  the  water 
would  still  be  removed  from  the  Colorado  River . 

Should  the  upgrading  unit  be  constructed  in  the  Colorado  River  valley  near 
the  town  of  Grand  Valley,for  example,  impacts  from  upgrading  waste  products 
and  operations  personnel  would  be  the  same.     Impacts  from  emissions  would 
be  more  severe  because  of  regular  temperature  inversions  experienced  in 
the  valley,    as  previously  described.     The  impacts  from  the  upgrading  units 
would  be  in  addition  to  the  impacts  of  a  railroad  siding,   administration  complex, 
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etc. ,  which  were  previously  described  in  Chapter  IV.    The  increased  air 
emissions  under  inversion  conditions  could  result  in  destruction  of  most 
of  the  vegetation  at  the  mouth  of  Parachute  Creek  and  up  and  down  the 
Colorado  River .    Degradation  of  water  quality  could  also  result  from  the  loss 
of  vegetation,  increased  air  emissions  and  increased  human  activity.    The 
aesthetic  quality  of  the  town  and  surrounding  area  would  be  degraded  with 
the  lowered  air  quality  and  the  presence  of  the  upgrading  units .    With  the 
loss  of  vegetation  and  lowered  water  quality,  most  wildlife—both  terrestrial 
and  aquatic — would  either  die  or  move  out.    Humans  would  probably  suffer 
respiratory  problems  with  the  high  concentration  of  plant  emissions,  partic- 
ularly during  inversion  conditions.    The  noise  of  the  upgrading  units,  if 
located  near  Grand  Valley,  would  cause  a  disturbance  to  the  people  living 
near  the  area.    This  loss  of  a  serene,  peaceful  environment  would  be  con- 
sidered a  major  impact  by  the  residents  of  the  area. 

If,  however,  the  upgrading  unit  is  located  in  the  market  area  for  the  shale 
oil,  the  impact-causing  agents  as  identified  in  this  EIS  will  not  affect  the  Dow 
West  property  or  the  surrounding  areas,  but  rather  the  area  the  upgrading 
unit  would  be  constructed  in .    Whether  the  environmental  impacts  would  be 
more  or  less  depends  on  the  existing  environment  in  a  given  area.    The 
impact  of  water  consumption  could  be  more  or  less,  depending  on  availability 
of  water  and  demand  upon  its  uses . 

ON-SITE  POWER 

A  100-megawatt  electric  generating  unit,  the  anticipated  electrical  power 
requirements  for  the  complex,  could  be  built  on  site.    The  presence  of  this 
generating  unit  would  then  necessitate  only  one  transmission  line,  rather  than 
two  lines  as  proposed.    One  transmission  line  would  still  be  needed  for  a  backup 
power  system  in  the  event  the  on-site  generating  unit  failed.    This  generating 
unit  could  be  operated  by  steam  and  would  require  additional  boilers  to 
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bring  the  spent  steam  used  in  various  portions  of  the  retorting  and  upgrading 
units  to  a  required  operating  temperature  and  pressure. 

IMPACTS 

An  additional  100  acres  of  land  would  be  required  for  the  power  unit.    This 
land  would  have  to  be  levelled  and  cleared  of  vegetation.    This  action  would 
add  to  the  impacts  (previously  described  in  Chapter  IV)  on  vegetation, 
water  quality,  air  emissions,  wildlife,  and  aesthetics. 

At  least  60  more  personnel  would  be  needed  to  operate  the  power  unit. 
These  people  would  add  to  the  social  and  economic  impacts  described  in 
Chapter  IV.    The  steam  that  would  be  needed  to  run  the  power  plant  could 
be  obtained  from  the  retorting  and  upgrading  units,  but  would  have  to  be 
reheated  and  pressurized.    This  would  require  boilers.    The  boilers  would 
have  to  be  fired  by  some  type  of  fuel.    This  fuel  combustion  would  add  to  the 
air  emissions.    These  added  emissions  are  not  quantifiable  at  the  present 
time,  as  the  amounts  and  type  of  fuel  that  could  be  used  are  unknown. 

The  water  requirement  for  a  100-megawatt  plant  would  be  about  one  cfs,  or  730 
acre-feet  annually.    This  extra  water  would  add  to  the  impact  of  water  con- 
sumption of  12.5  cfs  for  the  plant  site  as  described  in  Chapter  IV. 

The  impacts  of  a  second  powerline  to  the  plant  site  would  be  eliminated.    These 
impacts  are  degradation  of  aesthetic  values,  sedimentation  as  a  result  of 
construction,  and  disturbance  of  wildlife. 

TOTAL  POWER  GENERATION 

All  of  the  fuel  produced  at  the  plant  site  could  be  utilized  for  electrical  power 
generation.    This  power  could  then  be  transmitted  to  any  number  of  market 
places . 
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The  impacts  of  a  large  generating  plant  would  include  additional  land  area, 
which  for  a  600-megawatt  plant  would  be  approximately  1,200  acres.    The 
clearing  and  levelling  of  this  additional  acreage  would  add  nearly  50  percent 
to  the  land  that  is  presently  proposed  to  be  disturbed.    This  would  greatly 
increase  all  of  the  impacts  resulting  from  construction,  as  analyzed  in  Chapter 
IV. 

It  would  require  a  minimum  of  200  additional  people  to  operate  a  600-megawatt 
generating  plant.    This  number  of  people  would  add  a  considerable  amount  in 
excess  of  the  total  impacts  in  all  phases  of  the  socio-economic  section  of 
Chapter  IV . 

A  considerable  energy  loss  would  occur  if  the  electric  power  were  transmitted 
long  distances. 

Air  emissions  which  would  consist  of  SO?,  NO~,  CO,  hydrocarbons,  and 
particulates,  would  be  considerable  and  when  added  to  those  of  the  proposed 
plant,  would  further  exceed  some  of  the  Federal  and  State  of  Colorado 
standards.    The  impacts  of  the  proposed  pipeline  as  described  in  Chapter  IV 
would  not  occur.    However,  additional  impacts  would  result  from  construction 
of  numerous  transmission  lines  that  would  be  necessary  to  distribute  the  power 
These  impacts  would  include  increased  soil  erosion,  sediment  levels,  and 
water  T.D.S.    Vegetation  will  be  disturbed  and/or  removed  which  will 
create  increased  soil  erosion,  etc. ,  and  reduce  the  wildlife  habitat.    The 
aesthetic  values  of  the  areas  along  these  powerline  routes  will  be  degraded. 
All  of  the  above  impacts  are  analyzed  in  Chapter  IV .    The  severity  of  the 
impacts  would  depend  upon  the  routes  taken  and  the  vegetative  and  soil 
types  traversed . 

Overall,  this  alternative  would  add  considerable  impacts  to  those  generated 
by  the  proposed  action.    Air  emissions  would  be  severe,  vegetative  loss  would 
be  increased  by  50  percent,  and  the  addition  of  200  permanent  employees 
would  proportionately  increase  socio-economic  impacts. 
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It  would  be  possible  to  build  the  retort  and  upgrading  units  on  another  location 
or  utilize  an  existing  refinery  complex  in  another  part  of  the  country.    The  raw 
shale  could  be  transported  by  various  methods  (such  as  truck  or  train)  ,  or 
slurried  by  pipeline  to  the  market  place  (e.g. ,  Los  Angeles,  California)  .    This 
would  add  considerable  costs  to  the  entire  project  and  would  probably  make  it 
uneconomical . 

IMPACTS 

The  impacts  of  these  types  of  facilities,  similar  to  those  described  in  Chapter 
IV,  would  be  relegated  to  the  location  of  the  retort,  refinery,  and  transporta- 
tion facility  of  the  processed  oil.    The  specific  impacts  on  the  off-site  area  would 
depend  on  the  existing  environment  at  that  site.    For  instance,  if  the  retort  and 
upgrading  facilities  were  located  in  Los  Angeles  they  would  add  considerably 
to  the  air  emission  and  socio-economic  problems  that  presently  exist  there. 
Because  of  the  high  population  in  the  Los  Angeles  area,  disposal  of  spent  shale 
would  be  virtually  impossible .    If  the  selected  site  were  in  a  location  that  had 
good  plume  dispersion  and  very  little  existing  industries,  then  the  impacts 
would  not  be  cumulative  to  an  existing  problem  area .    The  transportation 
impacts  could  be  worse  or  better  than  presently  analyzed  depending  on  route, 
location,  and  existing  networks. 

The  impacts  of  this  alternative  on  the  Dow  West  property,  Parachute  Creek,  and 
Grand  Valley  and  vicinity,  would  be  those  resulting  from  the  mine  and  mining 
activities,  socio-economic,  and  transportation  of  the  shale  to  the  retort  and 
refinery.    These  impacts  are  analyzed  in  this  section  under  transportation  modes 

WASTE  DISPOSAL 

UNDERGROUND  DISPOSAL 

In  order  to  dispose  of  all  the  processed  shale  underground,  the  cavity  would 
have  to  be  filled  completely  and  compacted  to  a  density  of  approximately 
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115  pounds  per  cubic  foot  (5)  .    The  attainment  of  compaction  densities  of  this 
magnitude  requires  the  use  of  very  large  and  heavy  mechanical  compaction 
equipment.    These  compaction  requirements  cannot  be  met  with  existing  tech- 
nology . 

The  technology  for  subsurface  disposal  of  processed  shale  has  yet  to  be 
tested .    However  there  are  methods  for  disposal  such  as  the  Bureau  of 
Mines'  Long  Shield  Mining  Method  (7)    (Patent  Application  No.  456,509)  which 
provides  for  disposal  of  spent  shale  to  support  the  roof  and  extract  virtually 
all  the  mineral  resource.    Some  surface  disposal  (about  400  acres)  for  cooling 
and  operating  space  underground  and  for  permanent  haulways  would  still  be 
required.    The  pillars  could  be  removed  after  the  area  around  them  was 
backfilled . 

In  addition  to  compaction  problems,  mine  design  and  subsurface  environ- 
mental considerations  would  delay  the  start  of  backfilling  operations  to  a 
time  when  such  operations  would  not  interfere  with  normal  mining  functions . 
Backfilling  could  begin  as  soon  as  a  large  section  of  the  mine  was  isolated 
so  that  the  environment  of  the  active  portion  of  the  mine  would  not  be 
affected .    It  is  expected  that  such  an  area  would  be  available  within  five  to  ten 
years  after  start  of  production .    Sufficient  time  is  required  to  completely 
develop  the  60-foot  mining  interval  in  a  large  section  of  the  mine,  modify 
the  ventilation  system,  and  isolate  the  mined-out  area. 

Processed  shale  would  have  to  be  cooled  substantially  below  the  200  F 
temperature  at  which  the  shale  would  normally  leave  the  retorting  facility. 
The  temperature  would  have  to  be  reduced  to  a  level  which  would  allow 
safe  operation . 

The  amount  of  unmined  shale  that  could  be  recovered  if  the  mine  were 
backfilled  has  not  been  determined .    It  is  expected  that  the  increase  in 
recovery  would  only  amount  to  a  few  percent.    With  experience  and  more 
efficient  backfilling  procedures  it  is  possible  that  the  percentage  of  recovery 
could  increase  even  more  (8)  . 
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A  study  was  recently  completed  that  investigated  four  methods  of  backfilling 
processed  shale  into  the  mine  (8)  .    The  pneumatic  backfill  system  consists 
of  pumping  the  processed  shale  into  an  air  slide.    The  slide  ends  at  a  3-foot 
diameter  bore  hole.    This  bore  hold  leads  to  the  underground  mine.    The 
processed  shale  is  then  deposited  into  a  30,  000  cubic  foot  hopper.    The  shale 
is  then  piped  to  a  unit  that  mixes  it  with  water  after  which  it  is  sprayed 
under  pressure  into  place  at  a  compaction  rate  of  90  lbs/cu  .ft. 

The  hydraulic  backfill  system  employs  a  belt  conveyor  to  two  slurry  mixing 
tanks.    The  slurry  would  be  piped  to  bore  holes  into  the  mine  cavity.    The 
cavity  to  be  filled  is  blocked  by  bulkheads  and  allowed  to  fill  with  the  shale- 
water  slurry  at  a  compaction  rate  of  90  lbs/cu. ft. 

The  mechanical  backfill  system  employs  a  series  of  conveyor  belts  to  a  bore 
hole  in  the/ roof  of  the  mine.    More  conveyor  belts  move  the  shale  to  the  area 
to  be  backfilled .    Tractors  will  then  deposit  the  shale  evenly  in  the  cavity  at 
a  compaction  rate  of  90  lbs/cu. ft.    The  top  layers  of  the  shale  (10-15  ft) 
will  not  receive  any  compaction  as  the  tractors  will  be  too  close  to  the  roof  of 
the  mine.    The  compaction  of  the  top  layers  would  be  about  70  lbs/cu  .ft. 

The  fourth  method  is  a  composite  system  of  the  previous  three  methods. 
The  shale  will  be  belt  transported  to  a  truck  loading  facility.    Large,  bottom 
dump,  trucks  haul  the  shale  to  bore  holes  in  the  mine  roof.    The  shale  is 
deposited  into  a  mixing  unit  in  the  mine.    The  slurry  is  piped  to  a  cavity 
and  sprayed  into  place  at  a  compaction  rate  of  90  lbs/cu  .ft.    Table  IX-2  and 
IX-3  show  comparisons  of  the  above  methods. 
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IMPACTS 

The  major  beneficial  impact  would  be  the  increased  percentage  of  ore  recovery 
of  the  mining  section . 

Placing  of  the  hot  processed  shale  (200°  F)  could  reduce  the  structural  stability 
of  the  pillars  through  partial  retorting,  spalling,  and  expansion  of  pillars, 
roof,  and  floor.    After  disposal,  the  processed  shale  will  become  saturated 
from  leakage  into  the  mine  and  a  leachate  will  be  produced.    This  leachate 
can  readily  migrate  into  the  groundwater  system  through  the  mine  walls 
and  floor .    After  the  mining  activity  has  ceased  and  the  mine  is  backfilled 
with  spent  shale,  groundwater  levels  will  begin  to  rise  until  the  mine  roof 
is  approached  (9)  . 

As  the  groundwater  circulates  through  the  processed  shale  backfill,  it  is 
expected  that  it  leaves  the  property  as  underflow  either  in  the  alluvium  or 
in  the  bedrock.    Since  the  mine  will  never  be  completely  backfilled,  the 
groundwater  component  to  surface  flows  would  never  be  restored  in  the 
Middle  Fork  of  Parachute  Creek  and  Davis  Gulch.    Thus,  the  leachates 
could  not  be  brought  up  and  subsequently  lower  the  quality  of  water  in 
those  surface  streams  (9)  . 

It  is  possible,  although  not  probable,  that  contaminated  groundwater  could 
kill  all  of  the  aquatic  life  in  the  creek,  depending  on  the  type  and  amounts  of 
contaminants.    It  would  also  affect  the  vegetation  along  the  streambanks.    Any 
large  change  in  the  water  chemistry  would  definitely  change  the  types  of 
vegetation  and  if  a  drastic  chemical  change  occurred  all  of  the  vegetation 
could  be  eliminated . 

Any  change  in  vegetation  will  have  an  effect  on  all  forms  of  wildlife.    The 
vegetative  change,  loss  of  one  species  or  a  minor  change  in  density,  may 
have  an  undetectable  effect  on  wildlife,  or  if  the  vegetation  is  completely 
destroyed  the  effect  on  wildlife  may  be  severe. 

Since  a  large  area  has  to  be  mined  prior  to  placing  the  processed  shale  back 
into  the  mine,  a  storage  area  would  have  to  be  provided  for  the  processed 
shale.    This  storage  area  would  be  about  400  acres  in  size.    This  means  that 
for  5  to  10  years  the  processed  shale  would  have  impacts  on  the  environment. 
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These  impacts  would  be  disturbance  and  destruction  of  vegetation  and  soils 
over  at  least  the  400-acre  storage  area.    If  the  shale  were  not  revegetated 
immediately  it  would  be  subject  to  wind  and  water  erosion.    These  actions 
would  lead  to  the  lowering  of  air  and  water  quality . 

The  aesthetics  of  the  area  would  be  degraded  until  restored  to  its  original 
condition .    Wildlife  would  be  denied  the  use  of  the  400  acres  until  the  shale 
was  placed  back  into  the  mine . 

These  impacts  are  analyzed  in  Chapter  IV .    The  action  of  placing  the  processed 
shale  back  in  the  mine  would  call  for  extra  handling .    This  extra  work  would 
result  in  increased  air  emissions  from  the  vehicles  used  to  transport  the  shale 
into  the  mine.    Increased  dust  would  also  be  released  into  the  air  as  a  result. 
These  air  emissions,  SO?,  NO„,  CO,  and  hydrocarbons,  are  not  quantifiable  at 
the  present,  but  are  estimated  to  be  at  least  equal  to  those  given  in  Chapter  IV 
for  shale  disposal  operation.    These  increased  air  emissions  would  degrade  the 
aesthetic  values  of  the  area  and  could  contribute  to  respiratory  problems  for 
both  humans  and  wildlife. 

The  impacts  previously  discussed  in  Chapter  IV  concerning  aboveground 
disposal  would  not  be  as  severe  or  long-lasting  if  a  feasible  method  of 
underground  disposal  were  developed.    The  amount  of  water,  equipment,  and 
personnel  involved  in  the  underground  disposal  would  depend  entirely  on 
method  and  design,  which  are  unknown  at  the  present  time. 

OTHER  SITES 

Processed  shale  could  be  disposed  of  in  Corral  or  Bear  Cabin  Gulches. 

IMPACTS 

The  environmental  impacts  to  these  two  areas  are  considered  to  be  essentially 
the  same  as  in  Davis  Gulch.    The  longer  distances,  approximately  two  miles  to 
Bear  Cabin  Gulch  and  f0Ur  miles  to  Corral  Gulch,  create  the  need  for  more  roads 
or  conveyors  to  transport  the  shale. 

The  construction  of  roads  or  conveyors  would  result  in  vegetative  removal 
and  topographic  changes  which  would  degrade  the  aesthetics  of  the  area. 
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Increases  in  erosion  and  T.D.S.  would  also  result  from  the  road  of  conveyor 
construction  and  road  use .    These  factors  would  lower  the  water  quality 
of  Parachute  Creek.    As  previously  described, this  results  in  changes,  or 
destruction,  of  aquatic  life,  vegetation,  and  terrestrial  wildlife. 

The  extra  road  or  conveyor  construction,  and  use,  would  result  in  increased 
air  emissions  from  construction  vehicles  and  dust.    This  would  lower  air 
quality.    Extra  energy  would  also  be  required  to  operate  the  conveyor  or 
vehicles  over  this  long  route,  which  lowers  the  overall  efficiency  of  the 
project. 

WASTE  PILE  CONFIGURATION 

The  application  of  massive  rock  riprap  on  the  face  of  the  shale  pile  could  be 
feasible  for  front  slope  stabilization . 

IMPACTS 

The  use  of  rock  would  decrease  the  erosion  potential,  but  would  definitely 
make  a  visual  intrusion  on  the  face  of  the  embankment.    This  intrusion  could 
be  seen  not  only  from  the  air  but  on  the  ground  within  the  Dow  property. 
By  using  a  rock  face,  the  effect  on  water  quality  would  be  decreased  because 
of  less  soil  erosion,  T.D.S.,  and  suspended  solids  going  into  Parachute  Creek. 

The  front  slope  could  be  much  steeper  by  using  a  rock  slope,  from  the  proposed 
4-to-l  to  a  possible  2\-  to  3-to-l  slope.    This  would  reduce  the  area  needed  for 
disposal. 

OTHER  USES  OF  PROCESSED  SHALE 

With  the  minimum  economic-sized  oil  shale  plant  at  approximately  60,000  tons/ 
day,  it  appears  at  the  present  time  that  only  a  small  fraction  of  the  spent  shale 
ash  from  one  oil  shale  retorting  plant  could  likely  be  economically  utilized .  A 
60,000  ton/day  raw  shale  feed  rate  to  a  plant  will  result  in  a  spent  shale  ash 
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by-product  of  approximately  50,000  tons/day.    However,  with  increasing 
populations,  particularly  in  western  Colorado,  the  depletion  of  natural 
building  materials  such  as  pumice  and  scoria  for  concrete  block,  natural 
shales  for  cement,  etc. ,  may  open  up  a  number  of  potential  markets  for 
spent  oil  shale  ash  (10). 

The  principal  conclusions  from  a  Colony  study  are: 

-  Of  the  many  possible  uses  of  spent  oil  shale  ash  that  have  been  con- 
sidered, all  will  require  a  certain  amount  of  research  and  testing 

to  develop  products. 

-  If  an  oil  shale  industry  starts  by  1975  or  1976,  it  is  possible  that 
by  1980  approximately  500,000  tons/yr  of  spent  shale  ash  could 
be  consumed.    The  various  potential  uses  and  estimated  annual 
consumption  are  as  shown  on  Table  LX-4  (io). 

TABLE  IX-4 
POSSIBLE  USES  OF   SPENT  SHALE  (10) 


USES 

TONS/YR  BY  1980 

A. 

Asphaltic  concrete 

300 

B. 

Mineral  wool 

0 

C. 

Lightweight  aggregate  -  highway  use 

10,000 

D. 

Lightweight  aggregate  -  structural 
concrete  and  concrete  blocks 

250,000 

E. 

Rubber  filler 

1,000 

F. 

Road  base  and  sub-base  materials 

40,000 

G. 

Drilling  mud 

0 

H. 

Oil  well  cements 

0 

I. 

Catalysts 

0 

J. 

Mineral  fillers 

0 

K. 

Building  brick 

20,000 

L. 

Portland  cement 

250,000 
571,300 
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IMPACTS 

The  impacts  of  processed  shale  being  diverted  into  marketable  items  would 
stem  from  transportation  modes  and  manufacturing  processes.    Most  notable 
would  be  air  emissions  from  the  transportation  vehicles  and  processing 
plants.    Air  emissions,  noise,  social,  safety,  and  economic  impacts  would 
be  approximately  the  same  as  those  described  under  alternate  transportation 
modes  in  this  section.    Air  emissions  would  result  from  the  increased  proces- 
sing required  to  convert  the  processed  shale  into  usable  commodities.    These 
air  emissions  are  not  quantifiable  at  the  present  time.    It  is  safe  to  assume 
that  the  air  emissions  will  lower  the  air  quality  and  affect  the  visual  aesthetics 
of  the  general  area.    It  is  possible  that  air  emission  standards  would  be 
exceeded .    The  effects  of  lowered  air  quality  and  visual  aesthetics  would 
affect  humans,  wildlife,  and  vegetation.    These  details  are  fully  analyzed 
in  Chapter  IV.    The  impacts  of  the  processed  shale  pile  could  be  eliminated 
if  this  alternative  were  followed . 

SEPARATE  COKE  DISPOSAL 

The  coke  could  be  placed  in  a  separate,  identified  location  in  the  general 
disposal  area  and  not  mixed  with  the  processed  shale  and  other  waste  products. 
After  the  pile  is  completed,  it  could  be  covered  with  topsoil  and  revegetated. 
This  would  facilitate  removal  of  the  coke  to  supply  a  future  need. 

IMPACTS 

This  system  would  not  have  any  different  impacts  from  the  proposed  action 
of  the  shale  disposal .    The  coke  would  still  be  placed  in  the  proposed  disposal 
area  and  revegetated.    Additional  impacts  would  result  if  and  when  the  coke 
were  removed.    However,  impacts  of  the  removal  would  be  less  than  the  mining 
or  processing  of  coke  from  another  region .    Impacts  on  air  quality  would 
occur  from  air  emissions  of  the  removal  and  transportation  vehicles,  plus 
dust  created  during  the  process.    These  would  affect  air  quality  but  would 
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be  short-termed  and  minor .    Coke  removal  after  successful  revegetation  would 
create  an  erosion  potential  and  possible  sedimentation  problems  which  could 
temporarily  lower  water  quality . 

One  beneficial  impact  would  be  the  future  availability  of  a  beneficial  by- 
product of  the  proposed  action. 

WATER  SOURCES 

RUEDI  RESERVOIR 

This  reservoir  is  located  on  the  Fryingpan  River  approximately  30  miles 
southeast  of  Glenwood  Springs.    It  is  under  the  jurisdiction  of  the  Bureau 
of  Reclamation .    Ruedi  could  serve  as  an  alternate  source  of  water  for  the 
plant,  mine,  or  new  town.    There  are  approximately  48,  000  acre-feet  of  water 
marketable  for  such  uses .    Water  from  the  Ruedi  Reservoir  is  dedicated  to  the 
proposed  Basalt  Reclamation  Project  and  to  municipal  and  industrial  uses.    This 
water  is  of  good  quality;  the  average  dissolved  solids  is  about  500  mg/1  with  a 
range  from  160  to  830  mg/1.    Water  from  Ruedi  may  be  available  upon  a 
formulation  of  a  water  marketing  policy,  cost  of  approximately  $15  per  acre- 
foot  is  negotiable  (11)    (12)  .    The  water  from  this  reservoir  would  be  released 
into  the  Fryingpan  River,  which  flows  into  the  Colorado  River.    It  would 
be  diverted  by  Colony,  the  same  as  outlined  in  Chapter  II. 

IMPACTS 

Water  from  Ruedi  Reservoir  would  travel  a  shorter  distance  (50  miles)  before 
being  diverted  than  that  from  Green  Mountain  Reservoir.    This  could  result 
in  slightly  less  water  lost  to  evaporation,  seepage,  and  transpiration  prior 
to  diversion.    This  water  would  not  pass  some  of  the  heavy  salt-loading 
reaches  in  Glenwood  Canyon,  and  thereby  its  salt  content  at  the  point  of 
diversion  could  be  less  than  under  the  proposed  action. 

The  12.5  cfs  would  constitute  about  11  percent  of  the  Fryingpan's  average 
annual  flow  of  137  cfs.    This  increase  is  not  considered  significant  in  terms 
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of  impacts  on  aquatic  life  or  recreation  uses.    Since  the  reservoir  is  not 
used  for  power  generation  but  as  a  storage  and  replacement  facility,  there 
should  be  negligible  impacts  on  the  reservoir  itself. 

Utilizing  this  source  would  not  involve  additional  environmental  degradation 
nor  would  it  result  in  environmental  enhancement  other  than  the  slight 
saving  from  water  loss  and  possible  reduction  in  dissolved  salts. 

WHITE  RIVER 

Use  of  water  from  the  White  River  would  require  a  diversion  and  transport 
system .  Occasionally  the  flow  in  the  White  River  is  not  adequate  to  supply 
all  of  the  present  demands  (II)    (12)  . 

IMPACTS 

The  type,  location,  and  size  of  diversion  would  dictate  the  severity  of  environ- 
mental impacts.    The  major  impacts  would  be  degradation  of  aesthetic  values, 
increased  erosion,  elimination  of  vegetation,  and  disruptions  of  wildlife. 
Impacts  as  a  result  of  such  actions  would  be  similar  to  those  analyzed  in 
Chapter  IV . 

The  transport  system  would  probably  be  a  pipeline.    The  impacts  of  this 
pipeline  would  be:    temporary  vegetative  losses;  increased  erosion;  aesthetic 
values  lowered;  and  some  disruption  of  wildlife  during  the  construction  phase 
The  exact  route  for  the  pipeline  would  determine  the  severity  of  the  impacts. 
Impacts  resulting  from  the  construction  and  maintenance  of  a  water  pipeline 
would  be  similar  to  those  analyzed  in  Chapter  IV . 

There  may  not  be  enough  water  from  this  source  to  supply  all  of  Colony's 
needs  and  they  would  have  to  supplement  with  water  from  other  sources. 

GROUNDWATER 

The  Green  River  Formation  is  the  principal  source  of  groundwater  in  the 
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Piceance  Creek  Basin.    The  depth  to  water  ranges  from  the  surface  to  as 
much  as  500  feet;  generally  not  exceeding  400  feet.    The  quality  of  water  from 
the  Green  River  Formation  is  quite  variable  with  dissolved  salts  ranging  from 
250  to  63,000  mg/1  (II)    (12).    Wells  could  be  used  to  supply  this  groundwater 
to  meet  a  portion  of  the  water  needs  of  the  plant  and  various  facilities . 

IMPACTS 

Wells,  pumps  and  pipelines  would  have  to  be  constructed  to  get  water  to  the 
plant  site.    Desalinization  facilities  would  also  have  to  be  constructed.    These 
structures  would  have  an  adverse  effect  on  the  aesthetics  of  the  area.    The  con- 
struction phase  could  cause  erosion  and  sedimentation  downstream .    Some  vege- 
tative losses  would  also  be  incurred.    The  erosion,  sedimentation,  and  vegeta- 
tive losses  would  lower  the  water  quality  and  reduce  the  wildlife  habitat. 

The  water  withdrawn  from  the  Green  River  Formation  could  affect  the  hydrology 
of  Parachute  Creek  and  the  Piceance  Creek  Basin  (13)  .    This  water  eventually 
rises  to  the  surface  and  feeds  Parachute  and  Piceance  creeks .    The  amount 
withdrawn  from  wells  may  slightly  lower  the  volume  in  Doth  creeks  and, 
therefore,  reduce  water  available  for  livestock,  agriculture,  and  wildlife. 
This  would  eventually  cause  changes  in  the  vegetation  which  would  reduce  the 
wildlife  habitat  and  also  create  more  competition  for  food  and  water  between 
wildlife  and  domestic  livestock. 

Piceance  Creek  is  already  overappropriated  so  any  declines  in  flow  will 
have  adverse  effects  on  agriculture.    The  less  water  there  is  available  the 
less  crops  can  be  raised.    This  will  cause  economic  hardships  on  the  farmers 
and  ranchers  of  the  area.    Aquatic  life  would  be  seriously  affected  by  reduc- 
tion in  water  flows .    Aquatic  life  would  cease  to  exist  if  the  flows  were  reduced 
sufficiently  or  all  the  water  diverted  for  irrigation  purposes. 

ALLUVIUM 

Alluvium  is  a  source  of  groundwater  especially  in  the  major  stream  valleys. 
Depths  to  water  range  from  0  to  140  feet,  but  generally  less  than  40  feet. 
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This  water  contains  from  250  to  25,000  mg/1  dissolved  solids  (II)    (12). 

Normally  water  from  this  source  would  not  have  to  be  treated  prior  to  use. 
Wells  would  be  required  to  obtain  water  from  the  alluvium .    A  pipeline  to 
the  plant  site  would  be  required . 

IMPACTS 

The  wells,  pumps,  and  pipeline  will  all  have  adverse  impacts  on  the  aesthetic 
values  of  the  area .    The  construction  activities  will  cause  increased  erosion 
and  T  .D  .S  .  which  will  lower  the  water  quality  of  Parachute  Creek.    This 
should  not  be  a  major  impact  nor  should  it  be  of  a  long  duration.    Vegetation 
will  be  destroyed  and  disturbed  in  the  construction  process  which  will 
reduce  the  wildlife  habitat. 

A  high  rate  of  withdrawal  at  a  sustained  rate  could  deplete  the  water  supply 
rapidly  and  cause  loss  of  water  to  downstream  springs  and  the  flowing  water 
supply.    This  could  deprive  wildlife,  livestock,  and  vegetation  of  a  needed 
water  source. 

This  depletion  of  water  available  to  the  vegetation  would  cause  vegetative 
changes  which  could  increase  erosion  and  sedimentation.    This  would  lower 
the  water  quality.    All  of  the  above  would  result  in  reducing  the  wildlife 
habitat,  both  aquatic  and  terrestrial.    Livestock  would  compete  even  more 
so  with  wildlife  for  forage  with  a  reduction  in  the  amount  of  vegetation . 

TRANSPORTATION  MODES 

UNIT  TRAIN 

The  economics  of  a  unit  train  system  to  transport  the  shale  oil  was  addressed 
in  the  following  studies: 
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-  The  Effect  of  Fuel  Price  Increase  on  Energy  Intensiveness  of 
Freight  Transportation,  W.E.  Mooz,  December  1971. 

-  Alternate  Shale  Oil  Products  Transportation  Studies,  E.S.  Anderson, 
July  1973. 

Unit  trains  are  a  self-contained  system  and  can  be  loaded  and  unloaded  at 
one  point.    The  individual  cars  are  connected  by  hoses,  but  have  automatic 
valves  that  prevent  the  entire  train  load  from  escaping  out  of  one  leak . 
The  cars  are  also  designed  to  withstand  considerable  stress  that  might 
occur  in  a  derailment  and  not  spill  the  entire  load  (14)  .    Large  volumes  of 
crude  oil  are  presently  being  transported  that  have  a  pour  point  of  110  F . 
The  oil  is  loaded  at  150  F  and  only    one  to  two  degrees  is  lost  per  day  in 
transport.    The  crude  oil  produced  in  one  day  by  the  Colony  plant  could  be 
transported  by  one  unit  train.    Approximately  57,  000  barrels  of  crude  oil 
can  be  carried  by  one  unit  train.    The  pour  point  of  the  crude  oil  is  30  F 
and  50  F  for  the  processed  oil  (15)  . 


A  unit  train's  flexibility  is  quite  diverse.    Oil  could  be  delivered  to  existing 
pipeline  terminals  and  refineries,  or  delivered  to  the  final  user  in  essentially 
any  part  of  the  country.    The  Denver  and  Rio  Grande  Western  Railroad  has 
stated  that  they  could  accommodate  a  unit  system  without  disrupting  present 
service  (16)  . 

Transportation  of  the  oil  from  the  plant  to  the  railhead  would  require  a  pipe- 
line or  use  of  trucks.    The  railhead  could  be  either  at  the  presently  proposed 
location  or  in  the  vicinity  of  the  semiworks  plant  (Figure  II- 1)  .    The  topog- 
raphy of  the  Parachute  Creek  canyon  prevents  construction  of  a  track  to  the 
proposed  plant  site. 

Table  IX- 5  shows  the  amount  of  energy  required  to  move  a  product  by 
various  methods . 
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TABLE  IX-5 

APPROXIMATE  AVERAGE  OF  ENERGY  INTENSIVENESS 
OF  VARIOUS  FREIGHT  MODES 


FREIGHT 
MODE 

(A) 
BTU/Ton-Mile 

(16) 

(B) 
BTU/Ton-Mile 

(15) 

(C) 
BTU/Ton-Mile  (17) 

Waterway 

500 

680 

Rail 

750 

670 

440 

Pipeline 

1,850 

450 

Truck 

2,400 

3,800 

1,110 

Air  Cargo 

63,000 

42,000 

77,000 

The  above  table  shows  disagreement  between  rail  and  pipeline  transport 
ratings.    A  third  study,  by  DOT  and  NASA,  did  not  resolve  the  disparity 
between  the  first  two  studies.    However,  even  if  one  considered  the  energy 
efficiency  of  trains  and  pipelines  as  immaterial  the  environmental  impacts 
are  quite  different.    The  impacts  of  the  pipeline  are  analyzed  in  Chapter  rv 
and  the  impacts  of  a  unit  train  are  analyzed  here. 

IMPACTS 

The  environmental  impacts  of  a  unit  train  system  would  consist  of  air  emissions 
and  possible  oil  spills.    Table  IX-6  shows  the  air  emissions  from  diesel  engines 
This  table  was  derived  from  information  in  the  Draft  EIS  for  the  Development 
of  Coal  Resources  in  the  Eastern  Powder  River  Coal  Basin  of  Wyoming  (18)  . 
It  is  used  here  to  give  an  example  of  air  emissions  resulting  from  unit  trains. 

These  air  emissions  will  lower  the  air  quality  all  the  way  from  the  railhead 
at  Grand  Valley  to  the  final  destination .    Along  some  parts  of  the  rail  route 
the  effect  on  air  quality  could  be  significant  if  it  is  subject  to  long  inversions 
where  the  air  emissions  could  be  trapped  for  long  periods  of  time . 

Oil  spills  are  always  a  potential  hazard  from  shipping  oil  by  rail.    The 
railroad  tracks  parallel  the  Colorado  River  and  its  tributaries  to  the  east 
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TABLE  IX-6 
ESTIMATED  CUMULATIVE  EMISSIONS  FROM  DIESEL  LOCOMOTIVES  AND  DIESEL  TRUCKS 

LOCOMOTIVES  -  (|8) 


BARRELS 

OIL 

HAULED 

DIESEL  FUEL 
USED 

ESTIMATED  EMISSIONS   - 

TONS/YEAR ( 

c) 

HAULED 

TRAINS 

MILLION 

PARTIC- 

SULFUR     NITROGEN 

CARBON 

HYDRO- 

PER DAY 

PER  YEAR 

TONS /YEAR 

PER  DAY 

ULATES 

DIOXIDE       OXIDES 

MONOXIDE 

CARBONS 

47,000 

365  (e 

i)            2.12 

4, 891(b) 

22 

51                    329 

116 

84 

150,000 

1,095 

6.36 

14,673 

66 

153                    987 

348 

252 

-  TRUCKS  -   (19) 

BARRELS 

OIL 

HAULED 

DIESEL  FUEL 
USED 

ESTIMATED  EMISSIONS   -  TONS/YEAR  (f) 
PARTIC-         SULFUR      NITROGEN       CARBON 

HAULED 

TRUCKS 

MILLION 

HYDRO- 

PER DAY 

PER  YEAR  (d)    TONS/YEAR 

PER  DAY 

ULATES 

OXIDES          OXIDES 

MONOXIDE 

CARBONS 

47,000 

80,300 

2.44 

14, 080(e) 

31 

62                    642 

771 

128 

150,000 

240,900 

7.32 

42,240 

93 

186                1,926 

2,313 

384 

(a)  Loaded  trains,   same  number  of  empty  trains  would  be  required. 

(b)  Includes  empty  trains. 

(c)  Assumed  to  operate  365  days/year.     Includes  empty  trains. 

(d)  Loaded  trucks,   same  number  of  empty  trucks  would  be  required. 

(e)  Includes  empty  trucks. 

(f)  Assumed  to  operate  365  days/year.     Includes  empty  trucks. 


for  approximately  200  miles  and  to  the  west  for  about  160  miles.    This  close 
proximity  to  the  river  increases  the  possibility  of  an  oil  spill  directly  into 
the  river .    The  Denver  and  Rio  Grande  Western  Railroad  is  presently  devel- 
oping spill  contingency  plans  in  case  they  do  experience  a  spill  of  oil  or 
other  products.    The  effect  of  an  oil  spill  on  water  quality  and  aquatic  life 
could  vary  from  negligible  to  severe.    The  details  of  the  effects  of  an  oil  . 
spill  on  water  quality,  vegetation,  and  wildlife  are  thoroughly  analyzed  in 
Chapter  IV. 

If  additional  track  has  to  be  laid  to  facilitate  loading,  unloading,  or  reaching 
a  specific  market,  then  there  would  be  additional  environmental  impacts. 
These  could  include  vegetative  losses,  air  emissions,  soil  erosion,  aesthetic 
losses,  and  noise  disturbances.    The  degree  and  severity  of  these  impacts 
are  all  dependent  on  the  location  of  the  new  track  and  the  quality  and  type 
of  the  existing  environment. 
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If  the  railhead  were  at  the  proposed  location,  the  impacts  would  be  the  same 
as  described  in  Chapter  IV .    If  the  railhead  were  in  the  vicinity  of  the  semi- 
works  plant,  then  other  impacts  would  occur:    air  emissions  from  construction; 
degrading  of  aesthetic  values;  noise;  vegetative  losses;  and  death  losses  to 
wildlife  being  hit  or  run  over  by  the  trains. 

Truck  transportation  from  plant  to  railhead  would  result  in  an  increase  of 
air  emissions,  noise,  wildlife  losses,  and  increased  possibility  of  spills 
from  accidents. 

Pipeline  impacts  would  not  occur  if  unit  trains  were  used . 

The  impacts  on  the  existing  railroad  network  from  use  of  unit  trains  are 
expected  to  be  negligible. 

TRUCKS 

The  trucking  system  of  transportation  could  consist  of  loading  at  the  plant 
site.    The  trucks  could  haul  the  oil  to  either  the  final  destination  or  the 
terminal  of  an  existing  pipeline.    This  system  would  require  at  least  220 
9,000-gallon-capacity  trucks  per  day  to  haul  the  daily  output.    Extra  trucks 
would  have  to  be  available  in  case  of  breakdown,  accidents,  bad  weather,  etc. 

A  local  refinery,  the  Gary  Western  Company,  receives  3,000  barrels  of  crude 
oil  per  day  from  the  Bluebell  Oil  Field  in  Utah.    This  140-mile  trip  requires 
15  trucks  per  day.    The  crude  oil  is  loaded  in  the  insulated  trucks  at  160  F 
and  arrives  at  the  refinery  at  135°  to  140°F  (20)  .    Therefore,  it  has  been 
shown  that  a  truck  mode  is  technically  feasible. 

IMPACTS 

The  impacts  of  a  truck  mode  would  include  air  emissions,  traffic  congestion, 
highway  degradation,  high  possibility  of  oil  spills,  and  a  rise  in  highway 
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accident  rates.    However,  accidents  per  mile  driven  would  actually  go  down 
because  of  the  higher  mileage  driven.    Air  emissions  would  be  greatly- 
increased  along  the  entire  route  (Table  IX~6)  .    The  traffic  congestion  on  the 
highways,  especially  two-lane  highways,  would  become  severe.    Accident 
rates  would  probably  rise  and  the  incident  of  truck-deer  collisions  in  Parachute 
Creek  would  be  extremely  high.    The  deterioration  of  road  surfaces  would  be 
very  rapid.    Present  and  planned  highways  are  not  designed  for  this  high  rate 
of  use  by  heavy  trucks. 

The  Colorado  Department  of  Highways  would  be  hard-pressed  to  maintain 
the  roads  in  a  serviceable  condition  (21).    All  of  the  above  factors  would 
lead  to  high  safety  risks  for  the  truck  drivers,  other  drivers  on  the  high- 
ways, and  wildlife.    The   possibilities  of  an  oil  spill  are  quite  high,  due 
to  the  numerous  loadings  and  unloadings  that  would  be  necessary.    Each 
truck  would  have  to  be  loaded  and  unloaded  each  day  which  means  a  total  of 
220  loadings  and  unloadings  per  day. 

The  highway  leading  from  Grand  Valley  to  the  west  parallels  the  Colorado 
River  for  more  than  30  miles.    To  the  east,  the  highway  is  adjacent  to  the 
river  and  various  tributaries  for  100  miles.    Therefore,  the  chance  of  a  spill 
directly  into  the  water  is  quite  high.    The  effects  of  an  oil  spill  are  analyzed 
in  Chapter  IV . 

This  transportation  alternative  would  result  in  a  large  increase  in  the  number 

of  project  employees  (one  truck  driver  per  truck,  one  mechanic  per  10  trucks, 
dispatchers,  and  administrative  personnel;   300  additional  people)  .    This 
would  increase  the  social  and  environmental  impacts  analyzed  in  Chapter  IV 
by  approximately  ten  percent. 

POWERLINE  CORRIDORS 

The  Public  Service  Company  of  Colorado  (22)  has  presented  four  alternate 
routes  (A,B,C,D)  for  the  230  kv  lines  to  service  the  Colony  operation 
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(Figure  (LX-2)  .  In  order  to  provide  reliability  in  the  power  source,  two 
separate  lines  from  separate  sources  will  be  routed  to  the  plant  site  (23)  . 
Three  other  alternative  routes  (E,F,G)  were  also  analyzed. 

General  construction  methods  and  tower  designs  that  will  be  employed  are 
discussed  in  Chapter  II.    Specific  construction  procedures  cannot  be 
determined  until  centerlines  are  established  on  the  ground.    Terrain, 
soils,  and  vegetation  are  all  part  of  the  determining  factors  for  tower  designs, 
access  roads,  and  construction  procedures. 

Generalized  impacts  on  aesthetics,  topography,  vegetation,  soils,  wildlife, 
and  recreation  were  discussed  in  Chapter  IV.    These  impacts  are  general  in 
nature  because  specific  routes  have  not  been  identified.    Generalized,  and 
some  specific,  mitigating  measures  are  outlined  in  Chapter  V.    Specific 
impacts  that  are  peculiar  to  each  alternate  corridor  are  discussed  below . 
Figure  IX-3  and  Table  IX-7  show  vegetative  types  for  each  corridor.    Table 
IX- 8  shows  a  tabulated  comparison  of  all  corridors  (23)  . 

CORRIDOR  A 

Corridor  A  extends  in  a  northwesterly  direction,  approximately  26  miles 
from  Rifle  Substation  to  the  plant  site  (Figure  IX-4)  . 

From  the  Rifle  Substation,  the  line  goes  north  across  the  Denver  and  Rio  Grande 
Western  Railroad,  proposed  U.S.  Interstate  70,  the  Colorado  River,  and  a 
mile  wide  valley.    The  line  would  skirt  to  the  east  and  north  of  Rifle  over 
low  hills  and  gullies.    About  three  miles  north  of  Rifle,  the  line  would  cross 
Colorado  Highway  13  and  Government  Creek,  then  go  north  about  six  miles 
parallel  to  the  highway  and  creek.    This  portion  east  and  north  of  Rifle  is 
over  low  ridges  and  shallow  gullies,  mostly  covered  by  pinyon-juniper,  and 
alluvial-silt  deposits  of  Recent  age  which  are  covered  by  sagebrush  along 
the  streams.    These  alluvial-silt  valleys  are  characterized  by  agricultural 
fields  interspersed  by  sagebrush-covered  flats  amd  mesas.    From  Government 
Creek,  the  line  would  ascend  the  Roan  Cliffs,  formed  by  nearly  flat-lying 
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FIGURE  IX-2 
TRANSMISSION  POWERLINE  RIGHT-OF-WAY  CORRIDOR  ALTERNATIVES 
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FIGURE  IX-3 
VEGETATIVE  TYPES  FOR  POWERLINE  ALTERNATE  CORRIDORS 
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TABLE  IX-8 
COMPARISON  OF  ALTERNATE  SERVICE   (TRANSMISSION  LINE)  CORRIDORS   (23) 


CORRIDORS 

A 

B 

C 

D 

E 

F 

G 

1. 

Length 

26  miles 

23  miles 
(26  mi.  to 
Cameo) 
(19  mi.  to 
Rifle) 

13  miles 
(21  mi.  to 
Rifle) 

16  miles 
(26  mi.  to 

Cameo) 
(19  mi.  to 

Rifle) 

21  miles 
(21  mi.  to 
Rifle) 

20  miles 
(21  mi.  to 
Rifle) 

26  miles 

2. 

Potential  scenic 
impact  (adverse) 

*Significantly 
high 

Significantly 
high 

High 

Moderate 

High 

High 

Moderate 

3. 

Potential  wildlife 
impact  (adverse) 

Moderate 

Low 

Low 

Low 

Low 

Low 

Low 

4. 

Potential  vegetation 
impact  (adverse) 

Moderate 

Moderate 

Moderate 

Low 

Moderate 

Moderate 

Low 

5. 

Potential  soils 
impact  (adverse) 

Low 

Low 

Low 

Low 

Low 

Low 

Low 

6.   Summary  of  potential     Moderate 
environmental  impact 
risks   (adverse) 


7.  Approx.   land  loss 

(acre)    (agricultural 
considerations) 

8.  Approx.   land  loss 

(acre)  for  commercial 
or  industrial  develop- 
ment (ROW  width) 

9.  Approx.   %  of  line 
that  has  near-future 
potential  for  #8 

10.    Impacts  on  Archeo- 
logical  sites 


5 .0  acres 


468  acres 


20? 


Moderate 
to  high 


Moderate 


4.0  acres 
(3.7  to  Rifle) 


414  acres 
(342  to  Rifle) 


10% 


Unknown 


Moderate 


Low 


2.5  acres  80  acres 

(4.5  to  Rifle)      (3.7  to  Rifle) 


234  acres  288  acres 

(378  to  Rifle)      (342  to  Rifle) 


75% 


Unknown  Unknown 


Moderate 


2.5  acres 
(4.5  to  Rifle) 


378  acres 
(378  to  Rifle) 


10? 


Unknown 


Moderate 


Low 


2.5  acres  72  acres 

(4.5  to  Rifle) 


360  acres  468  acres 

(378  to  Rifle) 


10? 


75% 


Unknown  Unknown 


*Note:    See  Chapter  IV,  Page  IV- 1   for  a  discussion  of  the  significance  of  each  category. 

formations  of  Tertiary  age  ,  to  the  head  of  Northwater  Creek.    After  reaching 
the  Roan  Plateau,  which  is  a  shallow,  soil-covered,  undulating,  low-relief 
surface  incised  by  600-to-800  foot  deep  canyons,  the  line  would  go  due 
west  along  the  north  side  of  Northwater  Creek  and  East  Middle  Fork  of 
Parachute  Creek,  past  the  mouths  of  Trapper  Creek  and  Corral  Gulch.    The 
Roan  Plateau,  in  this  area,  is  characterized  by  east-west  canyons,  timbered 
bV  conifer  and  aspen  on  the  south  sides.    It  is  covered  by  sagebrush  and 
mountain  shrub  on  the  north  sides. 

The  East  Middle  Fork  of  Parachute  Creek   (23)  and  Trapper  Creek  (24)  are 
the  main  summer  elk  habitat  areas  in  the  study  area. 
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FIGURE  IX-4 
POWERLINE  ALTERNATIVE  CORRIDOR  "A" 
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The  plateau  has  rudimentary  jeep  roads  along  some  ridgetops  and  down 
Corral  Gulch;  otherwise, access  across  this  area,  largely  Naval  Oil  Shale 
Reserves,  is  non-existent.    Typical  of  other  Parachute  Creek  tributaries, 
Northwater  Creek  and  East  Middle  Fork  are  heavily  used  by  deer  for  summer 
range  and  migration  routes,  as  well  as  providing  critical  habitat  for  mountain 
lion,  bobcat  and  raptors.    In  addition  to  the  wildlife  mentioned  above,  bear, 
beaver,  blue  and  sage  grouse,  and  numerous  small  animals  are  encountered 
along  this  route  (23)  . 

IMPACTS 

Viewing  time  from  Interstate  70  of  Corridor  A  as  it  goes  up  the  Roan  Cliffs  to 
the  Naval  Oil  Shale  Reserves  would  be  approximately  2  minutes  at  55  miles  per 
hour.    The  visual  intrusion  along  Colorado  Highway  789  could  be  seen  from 
Rifle  north  26  miles,  or  for  approximately  28  minutes.    The  aesthetic  values 
across  the  Naval  Oil  Shale  Reserves  are  quite  high.    Except  for  a  few  roads 
and  fences,  this  area  is  virtually  untouched.    This  is  especially  true  of  the 
route  from  the  east  boundary  of  the  Dow  properties  to  the  plant  site.    Any  man- 
made  disturbance  would  ruin  the  wilderness  effect  of  the  area,  especially 
where  there  are  no  present  structures.    The  Naval  Oil  Shale  Reserves,  however, 
cannot  be  seen  from  paved  highways. 

Where  the  route  parallels  Northwater  Creek,  there  is  a  high  risk  of  disturbing 
at  least  4  known  Indian  archeological  sites  (25)  .    This  would  cause  a  definite 
unavoidable  impact  on  archeological  resources  of  the  area. 

The  more  secretive  types  of  predators  such  as  mountain  lion  and  bear  would 
be  subjected  to  human  disturbances,  especially  during  the  construction 
period.    This  is  not  considered  to  be  a  major  impact,  because  of  the  estimated 
60  square  mile  roaming  territory  that  these  secretive  predators  have . 

Noise  and  human  activity  during  construction  would  interfere  with  the 
deer  fawning  and  elk  calving.    This  disturbance  could  be  enough  to  cause 
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pre-embryonic  mortality  of  the  offspring .    Movement  of  deer  and  elk  could 
also  be  impaired  if  powerline  construction  was  done  during  migration  dates . 

The  construction  of  the  powerline  up  the  steep  slopes  and  cliffs  would  cause 
severe  erosion  and  sedimentation .    The  soil  on  these  slopes  is  extremely 
fragile  and  any  disturbance  will  cause  them  to  erode  severely.    The  increase 
in  erosion  and  sedimentation  will  degrade  the  water  quality  downstream .    Due 
to  the  increased  erosion,  the  revegetation  of  the  tower  sites  would  be  more 
difficult.    Heavy  equipment  used  during  construction  could  cause  soil  struc- 
tural disturbance. 

Alternate  Corridor  A  would  permanently  remove  70  acres  or  14  AUMs  of  feed 
for  wildlife  and  domestic  livestock.    A  total  of  468  acres  or  93  AUMs  would  be 
disturbed  temporarily  until  construction  is  complete.    The  7  acres  permanently 
lost  to  agriculture  would  not  be  a  significant  impact;   however,  the  temporary 
loss  of  50  acres  for  one  growing  season  of  agricultural  crops  would  be  an 
economic  impact  for  a  small  farmer . 

CORRIDOR  B 

Corridor  B  extends  in  a  northerly  direction  from  the  Rifle-Cameo  230-kv  line 
located  south  of  Grand  Valley,  a  distance  of  approximately  23  miles,  to  the 
Colony  plant  site  (Figure  IX- 5)  . 

On  the  southern  end,  three  alternate  corridors  (B-l,  B-2,  and  B-3)  are 
possible  to  extend  the  line  from  the  valley  floor  to  the  top  of  the  plateau . 
This  route  crosses  the  Colorado  River,  proposed  U.S.  Interstate  70,  and  the 
Denver  and  Rio  Grande  Western  Railroad .    It  ascends  the  2,  500-foot-high, 
barren,  steep  slopes  and  cliffs  of  Mount  Callahan,  up  to  the  relatively  flat 
ridge  of  the  Roan  Plateau  between  the  drainages  of  Parachute  and  Roan  creeks. 
The  river  bottom,  about  one  mile  wide,  is  filled  with  thick  silt  deposits  that 
support  some  agricultural  efforts,  while  the  river  itself  is  lined  with  cotton- 
woods  and  associated  underbrush.    After  crossing  the  river  valley,  the  line 
would  cross  about  one  mile  of  grass  and  sagebrush-covered  terraces  that 
surround  Mount  Callahan. 
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FIGURE  IX-5 
POWERLINE  ALTERNATIVE  CORRIDOR  "B" 
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Alternate  B-l  crosses  the  river  and  highway  about  five  miles  southwest  of  Grand 

Valley,  and  directly  ascends  the  steep  southeast  slope  of  Mount  Callahan.    It 

is  readily  visible  for  several  miles  along  U.S.  Highway  24  and  U.S.  Interstate  70. 

Alternate  B-2  crosses  the  valley  about  one  mile  southwest  of  Grand  Valley,  and 
follows  along  the  west  sideslope  of  Parachute  Creek  valley  up  to  the  south 
side  of  Riley  Gulch.    This  route  will  only  be  visible  from  within  the  Parachute 
Creek  valley  except  where  it  crosses  the  highway. 

Alternate  B-3  crosses  the  valley  about  one  mile  northeast  of  Grand  Valley, 
follows  up  the  east  sideslope  of  Parachute  Creek  valley  and  crosses  Parachute 
Creek  at  the  mounth  of  Riley  Gulch.    This  route  will  only  be  visible  from 
within  the  Parachute  Creek  valley,  except  where  it  crosses  the  highway. 

Both  B-2  and  B-3  share  a  common  route  up  the  side  of  Riley  Gulch  to  the 
plateau  level  behind  Mount  Callahan . 

After  attaining  the  plateau  level  behind  Mount  Callahan  (mutual  junction  for 
B-l,  B-2,  and  B-3)  the  line  would  proceed  due  north  along  a  flat,  shallow 
soil,  grass,  and  brush-covered,  broad  ridge  with  precipitous,  timbered, 
side  canyons  on  the  east  side  that  drain  to  Parachute  Creek.    After  crossing 
the  West  Fork  of  Parachute  Creek,  the  line  would  swing  due  east  for  about 
three  miles  into  the  plant  site . 

The  West  Fork  of  Parachute  Creek  is  valuable  wildlife  habitat  for  deer,  mountain 
lion,  raptors,  grouse,  and  to  a  lesser  degree,  elk,  and  serves  as  one  of  the 
main  migratory  routes  for  deer  into  Parachute  Creek  valley.    The  high  plateau 
ridge  north  from  Mount  Callahan  provides  habitat  for  deer,  mountain  lion, 
grouse,  raptors,  and  other  small  wildlife,  as  well  as  providing  extensive 
summer  grazing  for  cattle.    Peregrine  falcons  have  been  sighted  in  the 
Parachute  Creek  canyon  within  the  past  two  years  (23)  . 
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IMPACTS 

This  route  will  be  visible  for  18  miles  along  U  .S.  Highway  24,  for  a  total  time 
of  20  minutes. 

Impacts  on  aesthetic  values  will  occur  where  the  route  ascends  Mount  Callahan . 
The  aesthetic  and  visual  impact  of  a  powerline  intruding  on  a  natural  area, 
especially  up  the  face  of  Mount  Callahan,  would  degrade  the  natural  setting  of 
the  area.    The  construction  of  the  route  up  the  steep,  thin-soiled,  and  fragile 
slopes  of  Mount  Callahan  would  increase  the  erosion  and  sedimentation  rates. 
This  increase  in  erosion  and  sedimentation  will  degrade  the  water  quality 
downstream. 

The  increased  erosion  would  also  make  revegetation  more  difficult  due  to  soil 
losses. 

A  permanent  loss  of  62  acres  or  12  AUMs  will  be  attributed  to  Corridor  B 
powerline  construction.    An  estimated  414  acres  will  be  temporarily  disturbed, 
resulting  in  a  loss  of  82  AUMs  during  one  grazing  season .    All  of  the  above 
vegetation  would  have  been  available  to  both  wildlife  and  domestic  livestock . 

The  migration  of  deer  from  summer  to  winter  habitat  could  be  impaired  if  the 
powerline  would  be  constructed  during  the  migration  season,  due  to  the  noise 
and  human  disturbances.    This  would  force  the  deer  to  find  other  routes,  or 
make  their  length  of  stay  in  the  summer  range  longer  than  the  weather  would 
permit,  causing  some  winter  kill. 

CORRIDOR  C 

Corridor  C  extends  in  a  southwesterly  direction  from  the  U.S.  Bureau  of 
Reclamation's  230-kv  Rifle-Hayden  line  or  the  proposed  Colorado-Ute 
230/345-kv  line  at  Rio  Blanco,  approximately  13  miles,  to  the  Colony  plant 
site  (Figure  IX-6)  . 
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FIGURE  IX-6 
POWERLINE  ALTERNATIVE  CORRIDOR  "C 
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From  the  one-mile-wide,  pasture-hayfield  valley  at  Rio  Blanco,  the  line  would 
go  southwesterly  up  800-foot-high  pinyon-juniper  covered  slopes  that  form  the 
eastern  margin  of  the  elevated  Piceance  Creek  Basin  and  Roan  Plateau. 

This  elevated  plateau  is  composed  of  shallow,  soil-covered,  nearly  flat- 
lying  formations  of  Tertiary  age.    After  reaching  the  plateau  level,  the  line 
diagonally  crosses  several  800-foot-deep  north-south  drainages,  and  400-to- 
600-foot  deep  east-west  tributary  draws,  on  its  way  over  the  Roan  Plateau 
crest  into  the  head  of  Parachute  Creek.    From  Rio  Blanco  to  the  west  margin 
of  Cow  Creek  drainage,  about  four  miles,  the  area  is  pinyon-juniper  and  sage- 
brush covered  except  for  strips  of  conifer-aspen  growth  on  the  north  and 
east  slopes  of  the  draws.    Except  for  one  buried  pipeline  and  a  few  rudimentary 
jeep  roads,  this  area  is  essentially  natural  in  character.    Private  lands  sur- 
rounding this  area  have  been  largely  responsible  for  preserving  this  natural 
condition.    From  Cow  Creek  to  the  head  of  Story  Gulch,  the  line  gradually 
leaves  the  forested  cover  and  crosses  typical  Roan  Plateau  country.    The 
Roan  Plateau  is  a  grass  and  shrubbrush-covered  low-relief,  meandering 
ridge  with  adjacent  echelon,  north-trending  side  ridges.    The  ridgetops 
are  grass  and  low-brush  covered,  while  the  draws  contain  strips  and 
patches  of  aspen,  with  minor  conifer  growth. 

The  open  ridges  furnish  good  grazing  for  domestic  stock  and  wildlife  (deer 
and  elk)  and  the  timbered  heads  of  draws  provide  cover,  habitat,  and  forage 
as  well  as  being  the  source  of  many  springs.    In  addition  to  large  big-game 
populations,  including  mountain  lion  and  bear,  the  area  provides  habitat  for 
numerous  smaller  animals  such  as  bobcat,  coyotes,  beaver,  raptors,  and 
grouse. 

IMPACTS 

The  visual  intrusion  could  be  seen  extensively  from  Highway  789  for  a  total 
of  14  miles  or  17  minutes. 
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Crossing  the  very  steep  canyons  could  lead  to  increased  erosion  and  sedimen- 
tation, especially  on  the  shallow  soil  sidehills,  which  all  drain  toward 
Piceance  Creek.    This  will  degrade  the  water  quality  of  Piceance  Creek.    Any 
increased  erosion  will  cause  revegetation  of  the  tower  sites  to  be  more  difficult. 
The  construction  activity  will  disturb  at  least  the  more  secretive  species  such 
as  mountain  lion  and  bear.    Heavy  equipment  could  change  the  soil  structure 
extensively,  making  erosion  much  more  susceptible. 

An  estimated  35  acres  or  7  AUMs  will  be  totally  lost  on  Corridor  C .    Total 
vegetation  disturbed  will  be  234  acres  or  45  AUMs  for  one  grazing  season 
during  construction .    This  vegetation  would  have  been  available  for  wildlife 
and  domestic  livestock .    Noise  and  human  inhabitance  from  the  construction 
of  the  corridor  would  force  the  more  secretive  wildlife  species  to  other  parts 
of  the  range,  however,  this  impact  would  be  minimal.    During  the  construction 
of  the  corridor,  elk  and  deer  could  be  forced  to  obtain  water  from  other  sources 
outside  their  habitat,  making  a  strain  on  their  normal  way  of  life. 

CORRIDOR  D 

Corridor  D  extends  in  a  northerly  direction  along  the  floor  of  Parachute  Creek 
valley  from  the  Rifle-Cameo  230-kv  line,  a  distance  of  approximately  16  miles, 
to  the  Colony  plant  site.    This  route  up  Parachute  Creek  will  require  locating 
the  two  lines  on  the  opposite  sides  of  the  valley  to  minimize  the  chances  of  any 
single  event  disrupting  the  power  from  both  lines  (Figure  IX-7)  .    A  detailed 
description  of  the  existing  environment  is  contained  in  Chapter  III  under 
Parachute  Creek  Service  Corridor. 

IMPACTS 

Even  if  both  lines  are  placed  in  the  valley,  the  visual  impacts  are  not  considered 
to  be  major,  as  the  proposed  corridor  can  only  be  seen  for  6  miles  or  7  minutes 
along  U.S.  Highway  24.    The  valley  will  be  utilized  as  a  main  service  and  trans- 
portation corridor  and  will  have  an  industrialized  appearance.    The  towers 
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FIGURE  IX-7 
POWERLINE  ALTERNATIVE  CORRIDOR  "D" 
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will  only  be  visible  from  within  the  valley  and  where  the  lines  cross  the  high- 
way near  Grand  Valley.    Therefore,  the  aesthetic  values  will  not  be  degraded 
significantly.    As  stated,  the  land  is  generally  flat  and  has  a  relatively  deep 
soil.    The  added  disturbance  to  wildlife  will  be  a  significant  impact  in  conjunc- 
tion with  the  other  activities  that  will  be  occurring  simultaneously. 

By  the  construction  of  the  powerline  pads,  a  total  of  17  acres  would  be  perma- 
nently removed  from  agricultural  lands  and  114  acres  would  be  removed  for 
one  growing  season  of  agricultural  lands.    This  removal  of  agricultural  land 
from  production  would  cause  a  significant  impact  on  the  small  landowners  in 
the  Parachute  Creek  valley.    This  removal  of  land  from  production  could  also 
affect  the  deer  that  use  the  area  in  the  winter .    Deer  derive  a  substantial 
amount  of  feed  from  the  agricultural  lands  in  the  valley.    A  loss  of  forage  on 
a  critical  deer  winter  range  could  be  significant. 

In  addition  to  the  agricultural  land  lost,  26  acres  or  %  AUMs  of  native  vegeta- 
tion will  be  totally  taken  from  production  due  to  the  construction  of  powerline 
pads.    The  construction  of  these  pads  will  also  disturb  175  acres  or  35  AUMs 
production  for  one  grazing  season.    This  will  add  to  the  already  significant 
impacts  of  other  associated  projects  in  the  Parachute  Creek  area  to  the  winter 
game  habitat. 

The  erosion  and  sedimentation  resulting  from  the  construction  of  the  line  would 
add  significantly  to  the  total  T.D.S .  levels  of  Parachute  Creek  from  other 
associated  projects,  thus  reducing  the  trout  habitat  in  Parachute  Creek 
significantly. 

Human  inhabitants  living  in  the  Parachute  Creek  valley  would  be  disturbed  by 
the  noise  of  construction  and  the  increased  traffic  along  the  corridor . 

Maintenance  on  the  lines  would  be  easier  and  quicker  in  the  Parachute  Creek 
valley,  due  to  the  all-weather  road  which  would  parallel  the  lines.    This  would 
eliminate  some  impacts  from  the  maintenance  function,  such  as,  vehicle  travel 
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in  rainy  and  muddy  weather,  and  disturbance  of  wildlife  in  the  winter.    There- 
fore, if  this  route  were  accepted,  then  the  general  impacts  resulting  from 
powerline  maintenance  could  be  considered  insignificant. 

CORRIDOR  E 

This  route  is  from  Rio  Blanco,  northwest  over  the  ridge  to  Davis  Gulch, 
down  Piceance  Creek  and  up  Story  Gulch.    From  Rio  Blanco  the  line  would 
cross  agricultural  land  until  it  reached  the  head  of  Davis  Gulch.    From 
Davis  Gulch  to  the  mouth  of  Story  Gulch  the  vegetation  varies  from  pinyon- 
juniper  to  mountain  shrub  with  groves  of  aspen  and  fir  trees.    The  creek 
bottom  is  grass  and  willow  types  with  aspen  and  fir  trees  interspersed . 

The  topography  along  the  line  consists  of  flat,  low-relief  forms  from  Rio 
Blanco  to  the  head  of  Davis  Gulch.    From  this  point  on,  the  landform  consists 
of  deep  drainages,  narrow  canyon  bottoms  and  steep  sidehills.    Story  Gulch 
is  a  wide-bottomed  gulch  with  sagebrush  in  the  bottom.    Mountain  shrubs 
occupy  the  sidehills  and  most  ridgetops.    Aspen  and  fir  trees  are  found  at 
the  heads  of  drainages  and  scattered  on  the  ridgetops  and  north-facing  slopes. 
Once  the  line  reaches  the  top  of  the  plateau  the  vegetation  and  topography 
is  the  same  as  described  in  Chapter  III  and  Corridor  A . 

This  route  would  place  the  corridor  within  five  miles  of  Oil  Shale  Tract  C-b, 
as  well  as  providing  a  route  up  one  of  the  major  tributaries  of  Piceance  Creek. 
Story  Gulch  is  somewhat  wider  than  nearby  draws  and  also  provides  a 
direct  route  south  into  the  head  of  Parachute  Creek.    The  visual  aspect 
from  Rio  Blanco  and  Colorado  Highway  13  will  be  similar  regardless  of 
whether  the  line  ascends  the  ridge  south  or  north  of  the  canyon  formed 
by  Piceance  Creek  to  the  west  of  Rio  Blanco  (Figure  IX-8)  . 

This  route  could  be  developed  into  a  service  corridor  for  Tracts  C-a,  C-b, 
Colony,  and  possibly  a  Union  Oil  development  in  Parachute  Creek. 
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FIGURE  IX-8 
POWERLINE  ALTERNATIVE  CORRIDOR  "E" 
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IMPACTS 

Aesthetic  values  would  be  highly  impacted .    The  towers  on  the  first  portion  of 
the  route  will  be  visible  from  Highway  789  for  22  miles  or  25  minutes.    The 
route  could  also  be  seen  from  the  Piceance  Creek  Road  for  17  miles  or  18  minutes 

Erosion  and  sedimentation  resulting  from  construction  of  the  lines  would  be 
considered  minor  due  to  the  relatively  flat  terrain  of  the  route  up  to  the  mouth 
of  Story  Gulch.    Erosion  and  sedimentation  would  increase  slightly  as  the 
route  is  constructed  up  Story  Gulch  and  across  the  plateau.    The  water  quality 
of  Piceance  Creek  would  be  degraded  only  a  minor  amount  due  to  the  erosion 
and  sedimentation  caused  by  construction. 

Since  this  route  would  be  close  to  Piceance  Creek,  which  has  a  paved  highway 
paralleling  it,  the  disturbance  to  wildlife  would  be  minimal.    Construction 
across  the  plateau  would  cause  only  minor  disturbance  to  even  the  more 
secretive  species. 

The  acres  removed  permanently  would  be  57  or  114  AUMs.    Disturbance  for 
one  growing  season  would  be  378  acres  or  71  AUMs.    This  forage  would  be 
available  for  livestock  and  wildlife  if  the  powerline  was  not  constructed  along 
this  alternative . 

The  first  part  of  this  route  could  evolve  into  a  service  corridor  for  Tracts 
C-a  and  C-b  which  would  aid  in  reducing  the  visual  impacts  over  the  general 
area  and  concentrating  service  lines  into  one  corridor,  thereby  reducint  the 
overall  impact  of  powerlines  required  to  service  these  other  potential  oil 
shale  developments. 

CORRIDOR  F 

This  route  is  from  Rio  Blanco,  northwest  over  the  ridge  to  Davis  Gulch, 
then  down  Piceance  Creek  to  its  confluence  with  Cow  Creek.    It  would  then 
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follow  the  Cow  Creek  road  to  the  top  of  Roan  Plateau  and  then  southwest  to  the 
Colony  plant  (Figure  IX-9)  .    The  vegetation  and  topography  from  Rio  Blanco 
to  the  mouth  of  Cow  Creek  is  the  same  as  described  in  Corridor  E .    The  route 
up  Cow  Creek  and  across  the  plateau  would  cross  deep  gulches  with  round 
topped  ridges  and  steep  sidehills.    The  bottoms  of  the  gulches  are  covered 
with  sagebrush  and  mountain  shrubs .    The  sidehills  are  covered  with  mountain 
shrubs.    The  ridgetops,  north-facing  slopes  and  heads  of  draws  have  aspen 
and  scattered  fir  trees . 

IMPACTS 

The  visual  intrusion  for  Corridor  F  would  be  the  same  as  Corridor  E.    The 
powerline  could  be  seen  from  Highway  789  for  22  miles  or  25  minutes,  and  the 
Piceance  Creek  road  for  17  miles  or  18  minutes. 

Permanent  vegetative  loss  will  be  54  acres  or  10  AUMs.    Temporary  loss  would 
be  360  acres  or  70  AUMs  for  one  growing  season  during  construction.    This 
loss  of  vegetation  is  valuable  to  livestock  and  wildlife. 

Erosion  and  sedimentation  will  not  be  significant  except  where  the  line  crosses 
very  steep  slopes.    The  water  quality  of  Piceance  Creek  will  be  degraded 
slightly  by  the  small  increase  in  erosion,  sedimentation,  and  T.D.S. 

Since  the  route  is  presently  a  main  access  route  (Cow  Creek  road)  to  the 
Roan  Plateau,  the  disturbance  to  the  wildlife  by  construction  activities  will 
be  minimal . 

CORRIDOR  G 

This  route  would  begin  near  DeBeque  and  follow  Roan  Creek  to  Conn  Creek. 
From  Conn  Creek,  the  route  would  climb  to  the  plateau  and  then  east  to 
Colony's  plant  site  (Figure  IX-10)  . 


IX-55 


ALTERNATIVES 


|  NATIONAL  RESOURCE  LANDS 

□  PRIVATE    LANDS 

SCALE 

12       3        4       5 


FIGURE  IX-9 
POWERLINE  ALTERNATIVE  CORRIDOR  "F" 


IX-56 


POWERLINE  CORRIDORS 


JIHH  Kli   .  ip/r. 


X-10 
POWERLINE  ALTERNATIVE  CORRIDOR  "G 


FIGURE  IX- 10 


linn 


LX-57 


ALTERNATIVES 

From  DeBeque  to  the  upper  end  of  Conn  Creek,  the  route  would  cross  agri- 
cultural land  that  is  interspersed  with  greasewood  and  sagebrush.    These 
valley  bottoms  are  deep  alluvial  soils .    The  Roan  Creek  drainages  are  usually 
deeply  cut  with  steep  sides.    After  the  route  leaves  the  agricultural  land,  it 
enters  a  mountain  brush  type.    The  remainder  of  the  route  is  across  the  Roan 
Plateau.    The  route  from  DeBeque  to  Conn  Creek  is  characterized  by  a 
gravelled  county  road,  power  and  telephone  lines. 

IMPACTS 

Visual  intrusions  from  this  alternate  corridor  could  be  seen  for  11  miles  or  13 
minutes  along  U.S.  Highway  24.    Visual  intrusions  already  exist  along  the  pro- 
posed route  because  of  other  utilities.    However,  this  would  be  an  added  intru- 
sion that  would  be  very  evident  to  passing  motorists .    Visual  intrusions  will 
also  be  made  on  some  of  the  steep  hillsides  further  north  of  U  .S .  Highway  24. 

The  erosion  and  sedimentation  resulting  from  construction  will  not  be  signifi- 
cant due  to  the  relatively  flat  terrain.    Therefore,  degradation  of  water 
quality  will  not  be  significant.    The  only  disturbance  to  wildlife  will  occur 
across  the  Roan  Plateau  and  this  will  be  minor  and  not  long-termed. 

Permanent  removal  of  70  acres  would  result  in  a  yearly  loss  of  12  AUMs. 
Acres  disturbed  from  construction  would  be  468  acres  or  93  AUMs  for  one 
growing  season .    This  forage  could  be  available  to  wildlife  and  domestic 
livestock . 

LAND  EXCHANGE 

NO  FEDERAL  ACTION 

No  Federal  action  on  a  proposal  to  exchange  337.35  acres  (Figure  11-37)  with 
Colony  would  result  in  the  present  Federal  lands  remaining  under  Federal 
control . 
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IMPACTS 

The  oil  shale  under  the  Federal  lands  would  not  be  mined  and  would  essen- 
tially become  pillars.    The  probability  of  recovery  in  the  future  is  remote, 
considering  today's  technology.    This  would  constitute  a  loss  of  an  energy 
resource  to  the  country.    This  resource  amounts  to  91  million  tons  or  65 
million  barrels  of  oil,  at  30  gallons  of  oil  per  ton.    An  economic  loss  to  the 
country  would  result  if  this  resource  were  unrecoverable. 

Other  impacts  that  would  not  occur  on  the  Federal  land  are  soil  and  vegetation 
losses.    Aesthetic  and  visual  values  would  remain  as  they  are  today.    Use  by 
the  Federal  Government  and  the  general  public,  of  the  lands  offered  by  Colony 
would  not  occur.    This  would  constitute  a  loss  of  recreational  opportunities. 
The  offered  lands  could  be  subjected  to  the  impacts  of  the  proposed  action  as 
described  in  Chapter  IV  . 

LEASING 

This  alternative  would  allow  the  leasing  of  the  oil  shale  on  the  selected  lands 
to  Colony  so  that  it  could  be  mined  along  with  their  private  shale .    Under  this 
alternative,  the  Government  would  receive  payment  for  the  oil  shale  reserves. 
The  lease  would  have  to  be  non-competitive  which  would  mean  that  the  Govern- 
ment would  set  the  lease  price.    Conflict  with  mining  claims  and  oil  and  gas 
leases  which  presently  exist  on  the  selected  lands  would  have  to  ue  resolved 
before  leasing  occurs.    It  is  the  present  policy  of  the  Department  of  Interior 
to  not  allow  any  more  leasing  of  Federal  oil  shale  until  the  prototype  lease 
tracts  have  been  developed . 

IMPACTS 

The  Government  would  not  obtain  the  use  of  offered  lands  which  have  mineral, 
recreation,  and  aesthetic  values.    This  would  amount  to  a  loss  to  the  general 
public.    The  oil  shale  contained  under  the  offered  lands  amounts  to  118  million 
tons  or  84  million  barrels  of  oil,  at  30  gallons  of  oil  per  ton. 
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PIPELINE  ROUTES 

Major  impacts  to  the  environment  resulting  from  construction  of  a  pipeline 
have  been  discussed  in  Chapter  IV  and  only  unique  or  especially  severe 
impacts  will  be  discussed  here  (Table  1X-9)  . 

TABLE  IX-9 
IMPACT  COMPARISON  OF  ALTERNATE  PIPELINE  ROUTES 


ROUTES 

POTENTIAL 
IMPACTS 

UNCOMPAHGRE 

RAILROAD 

MOAB 

Length 

190  miles 

220  miles 

190  miles 

Scenic 

Significantly  high 

Low 

Moderate 

Wildlife 

High 

Low 

Low 

Vegetation 

High 

Low 

Moderate 

Soils 

High 

Low 

Low 

Spill  into  water 

High 

Significantly  high 

Low 

Archeological 

Moderate 

Low 

Low 

Approximate  agricul- 
tural land  loss 

300  acres 

90  acres 

6  acres 

Summary  of  potential 
impacts 

High 

Low 

Low 

Prior  to  selection  of  a  definite  market  place  for  the  oil  produced  by  Colony,  a 
very  extensive  study  was  conducted  by  Thorne  Ecological  Institute  to  investi- 
gate pipeline  corridors  for  various  markets  (26)  .    Figure  IX- 11  shows  the 
corridor  routes  investigated  for  a  western  market.    A  more  intensive  study 
was  completed  on  the  routes  shown  in  Figure  IX-12.    These  routes  were  the 
ones  which  had  the  least  amount  of  environmental  impacts  of  all  possible  routes, 
The  final  selection  of  acceptable  routes  by  Thorne  for  a  West  Coast  market 
place  were:    proposed  route  and  the  Uncompahgre  alternate.    The  northern 
routes  evaluated  by  Thorne  were  eliminated  from  consideration  when  Colony 
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FIGURE  IX-11 
CORRIDOR  ROUTES  INVESTIGATED 
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FIGURE  IX-12 
ENVIRONMENTALLY  FEASIBLE  ROUTES 
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decided  to  ship  their  oil  to  the  Los  Angeles  market  place.    In  addition  to  the 
Uncompahgre  alternate,  two  other  alternate  routes  were  evaluated  by  BLM 
(Railroad  and  Moab)  .    All  three  alternates  are  discussed  below. 

UNCOMPAHGRE  ROUTE 

The  Uncompahgre  route  is  shown  in  Figure  IX- 13  as  a  shaded  line.    This 
route  descends  the  plateau  to  Parachute  Creek  and  Grand  Valley.    From  Grand 
Valley,  the  route  can  only  go  west  to  DeBeque.    Due  to  the  topography,  there  is 
little  choice  of  direction  other  than  down  the  river.    From  DeBeque,  the  route 
can  either  continue  down  the  river  or  swing  south  past  Mesa,  Colorado,  around 
the  south  side  of  Chalk  Mountain  and  back  to  the  Colorado  River  at  the  western 
end  of  DeBeque  Canyon  near  Palisade.    The  environmentally  preferred  route 
would  be  to  bypass  the  river.    As  the  route  goes  into  and  through  the  Palisade 
area,  there  are  areas  of  high  value  orchard  lands.    From  Palisade  south  to  Delta, 
the  route  will  be  in  the  Gunnison  River  drainage  and  at  Delta,  will  cross  the 
river.    From  Delta,  the  route  turns  west  across  the  Uncompahgre  Plateau  along 
an  existing  pipeline.    From  Nucla-Naturita,  Colorado,  the  route  crosses  the 
San  Miguel  River,  Dry  Creek  Basin,  Big  Gypsum  Valley,  Gypsum  Gap, 
Disappointment  Valley,  the  Dolores  River,  and  from  there  west  to  the  Lisbon 
Valley  Station . 

The  Uncompahgre  route  crosses  the  Colorado,  Gunnison,  San  Miguel,  and 
Dolores  rivers,    as  well  as  numerous  canyons  and  other  perennial  streams. 

Table IX-10  shows  the  amounts  of  vegetative  types  encountered  along  the  route. 

IMPACTS 

The  vegetative  recovery  rate  on  this  route  would  be  slower  than  the  proposed 
action  as  more  of  the  route  is  in  vegetative  types  with  slow  growth  rates,  e.g . , 
pinyon-juniper  and  sagebrush.    This  could  lead  to  more  erosion  and  sedimen- 
tation.   Slower  recovery  rates,  more  than  50  years,  would  also  decrease  the 
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UNCOMPAHGRE  ALTERNATE  PIPELINE  ROUTE 
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TABLE  IX-10 
VEGETATIVE  TYPES  FOUND  ALONG  UNCOMPAHGRE  CORRIDOR  (26) 


STAND-TYPE 

PERCENT  COVER 

ACRES 

Successional  Aspen 

2.6 

30 

Greasewood 

9.5 

110 

Oak-Serviceberry 

6.7 

78 

Pinyon-Juniper 

18.5 

214 

Immature  Ponderosa  Pine 

2.6 

30 

Lower  Sagebrush 

20.0 

231 

Saltbush-Herb 

19.4 

224 

Spruce-Fir 

1.7 

20 

Unusual  Ravine  or  Riparian 

1.1 

13 

No  natural  vegetation 

17.5 

202 
1,152 

amount  of  vegetation  available  for  wildlife  use  for  a  longer  period  of  time. 
Visual  scars  would  be  evident  for  longer  periods.    This  route  is  within  one  mile 
of  second-order  streams  for  55  miles  as  compared  to  26  miles  for  the  proposed 
route.     This  more  than  doubles  the  potential  for  an  oil  spill  reaching  a  main 
water  course.    The  close  proximity  of  the  route  to  the  high  value  orchards  near 
Palisade  also  presents  a  potentially  severe  impact  if  an  oil  spill  occurred .    The 
possibility  of  an  oil  spill  into  a  drainage  or  stream  is  very  high  due  to  the  large 
number  of  drainages  and  streams  that  will  be  crossed . 

RAILROAD  RIGHT-OF-WAY 

This  route  would  follow  Parachute  Creek  to  Grand  Valley  and  then  proceed 
along  the  Denver  and  Rio  Grande  Western  Railroad  tracks  to  Crescent  Junction, 
Utah.    From  this  point,  the  route  would  follow  the  route  of  the  proposed  pipe- 
line (Figure  IX-14)  . 

IMPACTS 

The  route  would  parallel  the  Colorado  River  for  approximately  90  miles.    Since 
the  pipeline  would  be  at  the  river's  edge  for  a  large  portion  of  the  route,  the 
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FIGURE  IX-14 
RAILROAD  R-O-W  ALTERNATE  PIPELINE  ROUTE 
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construction  process  may  add  considerable  sediment  to  the  river.    This  could 
have  an  adverse  impact  on  water  quality.    Placement  of  the  pipe  near  the  river 
for  long  distances  increases  the  chance  of  an  oil  spill  directly  into  the  water . 

The  impacts  to  aesthetic  value,  vegetation,  soils,  cultural  resources,  and  wild- 
life would  be  much  less  than  the  proposed  route  due  to  the  placement  along  the 
tracks.    This  could  also  evolve  into  a  main  service  corridor  route.    The 
possibility  of  a  train  derailment  causing  a  rupture  of  the  pipeline  exists . 

MOAB  ALTERNATE 

This  route  generally  follows  the  proposed  route  except  for  seven  segiments.   The 
proposed  route  and  the  alternates  are  shown  in  Figure  IX-15.    This  route 
has  not  been  surveyed  and,  therefore,  is  approximate. 

IMPACTS 

Segment  A-A — This  segment  conforms  to  an  existing  right-of-way,  offering  the 
advantage  of  paved  road  for  delivery  of  material  and  men  during  construction 
and  operation.    By  staying  in  the  U.S.  Highway  6  &  50  right-of-way,  five 
drainage  crossings  could  be  eliminated  by  crossing  below  convergence  of 
smaller  streams . 

Segment  B-B — This  segment  coincides  with  U.S.  Highway  6  and  50  for 
approximately  one  and  one-half  miles.    No  new  surface  disturbance  would 
be  required  if  the  old  roadbed  is  ued .    This  seciton  of  the  highway  has  been 
abandoned.    Therefore,  no  vegetative  or  soil  impacts  would  be  incurred. 

Segment  C-C--This  segment  would  offer  the  advantages  of  no  new  disturbance 
along  the  old  U.S.  Highway  6  &  50  right-of-way.    This  is  an  all-weather  road 
which  would  facilitate  delivery  of  men  and  equipment  for  construction  and  operation 
This  alignment  places  the  pipeline  on  the  north  side  of  Interstate  70,  improving 
the  chance  of  quickly  detecting  a  leak  or  break.    Vegetative  impacts  would  be 
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FIGURE  IX-15 


MOAB  ALTERNATE  PIPELINE  ROUTE 
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at  a  minimum  as  this  is  a  stock  driveway  and  vegetation  consists  of  a  sparse 
cover  of  annual  plants.    The  right-of-way  is  wide  enough  to  permit  the  con- 
struction of  the  pipeline  with  only  minor  impact  on  traffic  flows.    The  majority 
of  the  traffic  is  on  Interstate  70. 

Segment  D-D--This  segment  routes  the  pipeline  from  the  highway  across  the 
borrow  pit  created  by  highway  construction,  and  is  approximately  two-and- 
three-fourths  miles  long,  of  which  over  half  has  been  disturbed  by  previous 
activity.    This  would  reduce  the  vegetative,  soil,  and  erosion  impacts  consid- 
erably.   This  disturbed  route  has  not  been  revegetated  and  the  vegetative 
cover  consists  of  sparse  annuals . 

Segment  E-E--This  segment  offers  the  use  of  good  gravelled  road  and  right- 
of-way  for  materials,  men,  and  equipment  during  construction  and  operation. 
Vegetative  and  soil  impacts  would  be  reduced  by  utilizing  the  previously 
disturbed  right-of-way  to  lay  pipe  in .    Disturbance  to  traffic  should  be 
minor  as  this  is  not  a  main  road  and  traffic  is  light. 

Segment  F-F--This  segment  would  utilize  the  cut  through  solid  rock  that 
was  made  to  realign  Klondike  and  Courthouse  washes,  eliminating  the  need 
for  further  rock  excavation.    This  alignment  follows  the  wash  which  keeps 
the  pipeline  from  view  and  removes  the  need  for  any  other  surface  disturb- 
ance.   Soil  disturbance  in  the  wash  will  produce  more  erosion,  especially 
after  the  first  storm,  until  the  area  stabilizes.    Use  of  the  wash  would  elimi- 
nate the  need  for  revegetation .    Less  erosion  would  probably  occur  if  the 
pipe  were  located  in  the  bottom  of  the  wash  instead  of  along  the  side  of  it. 
The  bottom  should  stabilize  quicker  than  the  surface  outside  the  wash.    This 
segment  follows  the  proposed  pipeline  route. 

Segment  G-G--This  segment  places  the  pipeline  in  the  abandoned  U.S.  Highway 
160  roadbed,  which  has  not  been  revegetated.    The  roadbed  would  enhance 
the  movement  of  men,  materials,  and  equipment  during  construction  and 
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operation.    This  segment  will  result  in  very  low  vegetative  and  soil  impacts. 
Aesthetic  values  of  the  adjacent  areas  would  not  be  affected  if  this  route  is 
utilized . 

All  of  the  above  segments  would  limit  the  amount  of  surface  disturbance  to  the 
absolute  minimum .    This  reduction  of  soil  and  vegetative  disturbance  amounts 
to  approximately  234  acres  over  the  entire  route.    This  would  reduce  excess 
erosion  and  sedimentation  during  construction  and  afterward  until  the  route 
is  revegetated  and  stabilized .    Visual  impacts  would  be  kept  to  a  minimum  by 
utilizing  old  roadbeds,  borrow  pits  and  existing  pipeline  routes.    Drainage 
crossings  are  at  a  bare  minimum  which  would  reduce  the  amount  of  erosion 
and  lowering  of  water  quality  through  sedimentation.    Utilizing  existing  roads 
for  transportation  of  men  and  materials  to  and  from  the  work  site  would  keep 
soil  compaction  at  a  minimum .    With  the  existing  roads  close  to  the  pipeline, 
the  maintenance  crews  would  be  able  to  reach  a  leak  more  quickly  in  all  types 
of  weather .    This  could  be  a  big  factor  in  containing  and  limiting  the  impacts 
of  an  oil  spill. 

The  use  of  these  existing  roads  for  maintenance  would  reduce  the  amount  of 
new  road  construction  which  would  keep  erosion,  sedimentation,  and  soil 
compaction  at  a  bare  minimum .    The  minimum  amount  of  surface  disturbance 
along  the  route  will  lower  the  amount  of  fragile  desert  plant  communities 
destroyed  by  construction. 

Approximately  one  mile  of  farm  land  (six  acres)  will  be  avoided  by  this  route. 
Wildlife  and  recreation  impacts  will  remain  the  same  as  the  proposed  action. 
There  is  a  good  possibility  that  impacts  on  cultural  values  will  be  less. 

PLANNED  UNIT  DEVELOPMENT 

This  alternative  is  based  on  the  Battlement  Mesa  Planned  Unit  Development 
submittal  of  March,  1975  (28)  .    While  some  features  of  the  Battle  Mesa  P  .U  .D . 
have  been  approved,  it  should  be  noted  that  a  myriad  of  permits,  arrangements, 
etc. ,  must  still  be  worked  out  prior  to  actual  implementation.    For  this  reason 
the  P.U.D.  is  still  considered  an  alternative    (See  Figure  IX-16)  . 
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FIGURE  IX-16 
PLANNED  UNIT  DEVELOPMENT 
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The  Battlement  Mesa  P.U.D.  is  designed  and  phased  to  serve  the  projected 
housing  needs  of  the  Colony  oil  shale  operation.    It  includes  a  variety  of 
housing  types  ranging  from  large  lot,  rural  density  residential  dwellings  to 
apartments  and  areas  for  mobile  homes  and  provisional  residential  units  such 
as  modular  bachelor  dwellings  and  campers.    Of  the  six  total  neighborhoods 
planned  for  the  Battlement  Mesa  site,  emphasis  during  the  first  Phase  would 
be  concentrated  primarily  within  two  adjacent  neighborhoods.    In  each  neigh- 
borhood, sites  would  be  provided  for  an  elementary  school  and  for  necessary 
park  and  open  space  uses.    In  addition,  approximately  one-third  of  the  town 
area  would  be  set  aside  for  initial  business  needs  during  the  first  Phase. 

Phase  II  and  III  would  be  developed  in  response  to  needs  arising  out  of  other 
area  (non-Colony)  developments.    Features  of  the  plans  are  included  in  the 
appendix  which  indicates  that  up  to  7, 100  permanent  dwelling  units  covering 
an  area  of  5,010  acres  could  be  developed  on  the  Battlement  Mesa  townsite. 
Appendix  5  summarizes  expected  land  uses  by  Phase  and  in  total  for  the  P.U.D. 

Implementation  is  dependent  upon  development  of  the  Colony  Oil  Shale  Operation 

Tables  IX- 11  and  IX- 12  are  based  on  the  assumption  that  the  Battlement  Mesa 
townsite  would  capture  60  percent  of  the  Colony  related  population  increase. 
As  the  table  in  Appendix  5  indicates,  the  Phase  I  portion  of  Battlement  Mesa 
could  accommodate  the  total  Colony  related  impact  (1363-3390  dwelling  units  on 
852  acres) . 
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TABLE  IX- 11 

ASSUMED  POPULATION  DISTRIBUTION 

WITH  A  LARGE  COLONY-PLANNED  UNIT  DEVELOPMENT 


COUNTY  &  TOWN 


PROJECTED  COLONY-RELATED 
POPULATION  1970  -  1985 


1970  POPULATION        NUMBER 


OF  TOTAL 


Garfield 

14,821 

3,340 

Glenwood  Springs 

4,106 

202 

Grand  Valley 

270 

405 

Rifle 

2,150 

304 

Battlement  Mesa 

-- 

2,429 

Mesa 

54,374 

708 

DeBeque 

155 

304 

Grand  Junction 

20,174 

405 

82.5 
5.0 

10.0 
7.5 

60.0 

17.5 

7.5 

10.0 


Total 


69,195 


4,049 


100.0 
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TABLE  IX-12 

DISTRIBUTION  OF  HOUSING,  INFRASTRUCTURE 

AND  PUBLIC  PERSONNEL  COSTS  RESULTING  FROM 

THE  COLONY  OIL  SHALE  DEVELOPMENT  WITH  A  LARGER  P.U.D. 


Community 
or  Town 

%  Assumed 
Population 
Distribution 

H 
Units 

housing 
Acreage (b) 

Public 
Acres 

Facilities  (c) 
Cost  $ 

Streets  (c) 
Acres        Cost  $ 

Public  P 
Number 

ersonnel  (c) 

Monthly 

Salaries  $ 

Glenwood  Springs 

6 

68 

18.9 

3.71 

601,561 

3.66 

273,600 

8.1 

7,036 

Grand  Valley 

10 

135 

37.8 

7.42 

1,203,122 

7.32 

547,200 

16.2 

14,072 

Rifle 

7.5 

101 

28.35 

5.56 

902,341 

5.49 

410,400 

12.15 

10,554 

Battlement  Mesa 

60 

809 

226.8 

44.52 

7,218,732 

43.92 

3,283,200 

97.2 

84,435 

DeBeque 

7.5 

101 

28.35 

5.56 

902,341 

5.49 

410,400 

12.15 

10,554 

Grand  Junction 

10 

135 

37.8 

7.42 

1,203,122 

7.32 

547,200 

16.2 

14,072 

Total 

101 

1,349 

378.00 

74.19 

12,031,220 

73.20 

5,472,000 

162.00 

140,723 

(a)  Housing  unit  requirements  are  based  on  an  assumed  population  increase  of  4,048  and  3  persons 
per  household . 

(b)  Total  land  area  is  based  on  an  estimated  requirement  of.28  acres/housing  unit. 

(c)  Public  facilities,  streets  and  public  personnel  requirements  are  from  Tables  IV-39and  40. 


The  attractiveness  of  the  Battlement  Mesa  P.U.D.  combined  with  a  determination 
by  local  officials  to  avoid  "strip  development"  along  the  Colorado  Valley  area  is 
expected  to  influence  the  locational  preferences  of  future  residents.    However, 
a  100  percent  capture  rate  by   the  Battlement  Mesa  P.U.D. ,  of  Colony  related 
population  increase   is  also  unlikely.    Thus  the  60  percent  capture  rate  is 
assumed  for  illustrative  purposes . 

Combining  the  various  provisions  of  the  P.U.D.  with  the  worker-trans- 
portation plan  suggest  that  this  alternative  will  alleviate  many  of  the  possible 
adverse  socio-economic  impacts  of  the  Colony  Development  Operation . 
Further  the  Battlement  Mesa  P.U.D.  will  provide  a  capability  to  absorb 
the  impacts  of  other  area  developments  and  provide  the  basis  for  a  more 
diversified  living-working  environment. 

Aesthetic  values  will  be  affected  adversely  by  the  development  of  housing  in 
an  area  that  is  now  rural  in  character.    While  the  total  acreage  (1,268  acres) 
will  not  likely  be  needed  for  project-related  housing  and  facilities,  it  is 
likely  that  much  of  it  will  eventually  be  developed.    As  a  result,  some  live- 
stock forage  will  be  lost  and  critical  deer  winter  range  reduced . 
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P.  U.  D. 
The  loss  of  deer  winter  range  to  herds  living  on  the  south  side  of  the  river 
will  be  more  severe  than  the  loss  of  winter  habitat  near  existing  communities 
for  two  reasons.    First,  the  deer  using  the  Battlement  Mesa  area  have  access 
to  a  smaller  amount  of  winter  habitat  than  the  herd  north  of  the  river.    Second, 
the  herds  on  the  north  side  of  the  river  which  utilize  areas  near  existing  com- 
munities are  more  adapted  to  human  intrusions  than  are  the  deer  to  the  south. 

One  beneficial  impact  involves  the  reduced  pressure  for  development  of 
irrigated  croplands  along  the  north  side  of  the  river.    The  Battlement  Mesa 
site  has  soils  of  a  lower  quality  and  currently  does  not  have  water  available 
for  irrigation . 

Recreation  losses  will  be  minimal  since  this  area  is  currently  all  farmland, 
and  recreation  values  are  low. 

In  summary,  the  major  negative  impact  involves  a  loss  of  critical  deer  winter 
range  that  will  either  adversely  affect  the  health  of  the  deer  herd  and/or 
decrease  the  size  of  the  herd. 

The  socio-economic  impacts  will  be  similar  under  this  alternative  to  those 
described  in  Chapter  IV  of  this  EIS .    The  Planned  Unit  Development  will 
provide  an  opportunity  for  more  comprehensive  planning  and  financial 
support  of  the  development  by  Colony  during  the  early  stages.    The  latter 
will  remove  some  of  the  pressure  from  existing  local  governments,  espe- 
cially those  with  a  limited  tax  base.    In  the  long  run,  it  is  expected  that, 
under  either  scheme,  residents  will  pay  for  the  facilities  and  services 
needed. 

A  recent  archeological  survey  has  shown  that  some  potentially  important 
historic  and  archeological  sites  exist  on  Battlement  Mesa.  'If  these  sites  are 
not  fully  evaluated  prior  to  construction,  and  the  necessary  protective 
measures  taken,  then  they  could  be  destroyed  (27)  .    A  more  complete 
discussion  of  these  sites  and  possible  impacts  upon  them  are  contained  in 
Chapter  III  and  IV  . 
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ALTERNATIVES 

TOXIC  WASTE  DISPOSAL 

An  alternative  to  the  proposed  disposal  of  toxic  waste  (arsenic  removal 
waste  and  spent  catalysts)  in  the  spent  shale  pile  is  burial  of  the  toxic 
materials  in  the  abandoned  mine  or  in  an  off-tract  deep  vault.    A  second 
alternative  is  to  recover  the  catalysts  and  salvage  the  heavy  metal  values . 
These  two  disposal  modes  are  examined  below. 

UNDERGROUND  STORAGE  OF  WASTE 

Underground  storage  of  toxic  wastes  would  require  that  a  dry  portion  of  the 
mine  or  an  off-site  deep  storage  vault  be  set  aside  for  a  waste  storage  area. 
That  portion  of  the  mine  would  be  sealed  to  contain  the  waste  and  designed  to 
have  long-term  roof  support.    A  deep  vault  would  be  treated  similarily. 

IMPACTS 

The  toxic  waste  would  be  isolated  and  not  subject  to  direct  exposure  to  surface 
waters  by  erosion  and  leaching.    The  toxic  waste,  however,  would  be  highly 
concentrated  so  that  if  subsidence  should  shift  ground  water  flows,  causing 
ground  wtater  to  pass  through  the  toxic  waste  storage  area,  there  would  be 
a  severe  toxification  of  ground  waters.    These  waters  could  ultimately  move 
into  the  Colorado  River  or  Piceance  Creek.    At  the  present  time,  there  is  no 
known  method  to  vault  toxic  wastes  in  areas  subject  to  subsidence,  insuring 
that  they  would  be  perpetually  secured  from  the  hazard  of  erosion  into  the 
ground  water  system .    Off-site  disposal  reduces  the  hazard  considerably  but 
might  not  totally  eliminate  it  unless  the  depth  were  significantly  below  any 
aquifers  with  access  to  surface  waters. 

REPROCESSING  OF  CATALYSTS  AND  HEAVY  METAL  RECOVERY 

The  reprocessing  of  catalysts  and  recovery  of  heavy  metals  are  standard,  but 
highly  specialized,  processes  in  the  modern  chemical  industry.    At  the  presnt 
time,  the  required  processes  are  not  available  in  the  oil  shale  area.    Therefore, 
implementation  of  this  alternative  would  require  shipment  of  the  toxic  waste 
material  to  chemical  plants  on  the  west  coast.    The  toxic  waste  would  probably 
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be  shipped  by  covered  truck  from  the  Colony  site  to  the  railroad  siding 
and  by  covered  railroad  car  to  a  chemical  plant. 

IMPACTS 

The  toxic  waste  would  be  removed  from  the  Colorado  environment  and  not  be 
subject  to  erosion  and  leaching  from  the  spent  shale  pile  as  would  occur  in 
the  proposed  disposal  method.    The  Colorado  River  water  quality  would  not 
be  threatened  and  associated  impacts  on  fish,  wildlife  and  human  populations 
would  not  cumulatively  occur.    The  loading,  hauling,  unloading,  and  associated 
handling  of  the  toxic  waste  material  offers  an  intangible  risk  of  severe 
toxification  of  some  unknown,  unquantifiable  land  and  water  areas  and  human 
populations  due  to  human  carelessness  or  accident. 

LONG-TERM  WASTE  PILE  MANAGEMENT 

An  alternative  to  waste  pile  management  as  described  in  Chapter  II  is  to  provide 
governmental  long-term  maintenance  and  control.    This  alternative  would  be 
a  permanent  maintenance  program  designed  to  arrest  or  minimize  geological 
erosion  and  leaching  of  the  spent  shale  pile  regardless  of  land  ownership . 
The  program  would  include  such  things  as: 

1)  Perpetual  maintenance  of  the  spent  shale  pile  slopes,  the  Davis  Gulch  Dam, 
and  the  drainage  structures  around  the  spent  shale  pile. 

2)  Perpetual  periodic  pumping  and  maintenance  of  the  reservoir  behind  the 
Davis  Gulch  Dam  to  insure  adequate  reservoir  storage  space  is  available  to 
catch  the  run  off  from  the  spent  shale  pile.    3)    Contingency  plan  and  resources 
available  to  revegetate  the  spent  shale  pile  in  the  event  of  wild  fire  or  other 
natural  disaster .    The  implementation  of  long-term  waste  pile  management  would 
require  new  State  or  Federal  legislation. 

IMPACTS 

The  spent  shale  pile  would  be  perpetually  maintained  in  such  a  manner  as  to 
minimize  erosion  and  maintain  the  toxic  elements  in  the  spent  shale  pile  and 
above  the  Davis  Gulch  Dam.    Such  maintenance  would  minimize  the  risk  of  the 
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toxic  materials  in  the  spent  shale  pile  and  the  shale  waste  itself  from  ultimately 
leaching  into  the  Colorado  River  due  to  geological  erosion  once  the  area  is 
apparently  stabilized .    It  would  permit  prompt  containment  of  wastes  exposed 

to  the  environment  by  future  mine  subsidence  or  exceptional  flash  flood 
occurrence.    If  control  was  maintained  in  perpetuity,  the  hazards  to  Colorado 
River  waters  would  be  considerably  reduced  over  those  involved  in  the  present 
plan. 
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